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A high-capacity irrigation well northwest
of Jimtown In Alexander Valley. Yields from
such wells can reach 3,000 gallons per
minute. Sprinklers serve the dual purpose of
irrigation and frost control, A diesel motor
(behind the screen) drives the pump shaft,
shown in the cenler. The weli casing is the
vertical pipe Immediately to the Jeft of the
light-colored tank in the center of the photo.
The light-colored pipes st the ieft is a sand
separator,
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FOREWORD

Ground water plays an important role in Sonoma County. As the population of
this North Bay county has increased over the last 30 years, the use of
ground water has increased. Over 15,000 wells are known to exist in the
county. These wells are used for domestic and agricultural purposes in
rural areas and for municipal and industrial purposes in urban areas.

'
The Sounoma County Water Agency requested the California Department of Water
Resources (DWR) to undertake a cooperative study to estimate the volume of
ground water in storage and the recharge potential in the Santa Rosa Plain,
Petaluma Valley, Sonoma Valley, and Alexander Valley and Healdsburg area.
The study examined alternative ways the ground water resources of the county
may be used conjunctively with the Russian River and other surface water
sources.

The present study was designed to augment an earlier countywide investiga-
tion of geology and hydrology conducted jointly by the Sonoma County
Planning Department and DWR. Results of the earlier investigation were
published as PWR Bulletin 118-4, Volume 1 (Ford, 1975). The results of this
recent study are presented in four volumes. This report is Volume 5 and
describes ground water conditions in Alexander Valley and the Healdsburg
area., Volume 2 deals with the Santa Rosa Plain, Volume 3 with the Petaluma
Valley, and Volume 4 with the Sonoma Valley.

This report on Alexander Valley and the Healdsburg area includes evaluation
of: geologic and hydrologic characteristics of the ground water basins; the
volume of fresh griound water in the basins; the intercoamnection of ground

water and surface |[water; and the potential for artificial recharge of ground
water.

Howard H. Eastin, |Acting Director
Department of Water Resources

The Resources Agency

State of California
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INTRODUCTION

Evaluate the potential yield of the
ground water basin and possible
changes in water quality resulting
from optimum pumping.

° Evaluate potential for artificial
recharge of the ground water basin.

Present a range of alternative plans
of operation that can be used as a
guide by local agencies to determine
use of ground water in conjunction
with surface supplies.

The cooperative study accomplished two
goals. First, the study provided ground
water data that Sonoma County Water
Agency needs to develop water management
guidelines and that the Department of
Water Resources needs to evaluate the
extent of the ground water resource for
use Iin statewide planning. Second, the
cooperative study assures that planning
will be based on local conditions and
that local agencies will be involved in
the effort and be acquainted with the
conclusions and with the facts on which
those conclusions are based.

Location of the Study Area

Alexander Valley extends southward from
the Sonoma-Mendocino county line to
about 1.6 kilometres (1 mile) south of
Barnes Creek, a distance of about

32 kilometres (20 miles) (Figure 2).
Cloverdale Valley is included in Alex~—
ander Valley. The Russian River flows
through the entire length of Alexander
Valley. The valley has a maximum width
of 2.4 kilometres (1.5 miles) and encom—
passes about 10 700 hectares (26,500
acres) of flat land., The total area of
water—bearing formations is somewhat
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larger because the valley floor is
locally bounded by low hills consisting
of unconsolidated water-bearing sedi-
ments. The Russian River is joined by a
principal tributary, Big Sulphur Creek,
at the north end of Cloverdale Valley.

The Healdsburg area includes the flood
plain of the Russian River, as well as
adjacent areas outside the flood plain,
and‘extends from the confluence of
School House Creek and Dry Creek at the
north to Lafayette School and the U. S.
Govermment Reservation in Healdsburg to
the south. Russian River passes through
only a small portion of the valley that
constitutes the Healdsburg area. The
entire area, which includes Dry Creek
Valley, encompasses about 8 100 hectares
(20,000 acres) and trends in the same
general direction as Alexander Valley.
The width of the Healdsburg area ranges
from less than 1 kilometre to 3 kilo-
metres (0.5 to 2 miles), and the length
is about 16 kilometres (10 miles). It
is widest at the confluence of Russian
River and Dry Creek.

The entire study area is included in the
Sonoma County ground water basin
(Peters, 1980). Figure 2 shows the
study area boundary. The boundary of
the two ground water sub-basins,
Alexander Valley and Healdsburg area, is
generally determined by the boundary of
the alluvium and river channel deposits,
except where some older water—bearing
sediments occur at the surface (see
Figure 10, on page 33, and Plate 1).

Previous Related Investigations

Previous investigations related to the
ground water rescurces in Alexander
Valley and the Healdsburg area have been
limited chiefly to collecting data on
specific water resource problems. The
earliest published report dealing with
the water resources of the area (Waring,
1915) summarized the characteristics of
several springs in Sonoma County.

The first comprehensive study of the
geology of Sonoma County was by Weaver

(1949). Subsequently, the U. S.
Geological Survey published three water-
supply papers dealing with ground water
geclogy of various parts of the county
(Cardwell, 1958; Cardwell, 1965; and
Kunkel and Upson, 1960). Cardwell
(1965) included the entire Russian River
watershed.

Current Investigation

For this study, data were collected from
selected water wells, including most of
the irrigation, public supply, and
large—draft industrial wells. . The water
levels in selected wells were measured
periodically to determine the magnitude
and characteristics of the fluctuations
in ground water levels.

To simplify compilation and evaluation
of hydrologic data, the area was divided
along township, range, and section lines
to form 130 to 260 hectare (320 to

640 acre) cells., All hydrologic data
were then evaluated by cells.

To determine the total volume of ground
water in storage and the total storage
space available to receive recharge,
water well logs were used to develop
geologic cross sections. The well log
information on types of materials
encountered in each well was coded as
input to a computer program, described
in Chapter 4. This program averages the
log information by cells to estimate
total ground water storage capacity for
each cell. When combined with fall 1980
water level information, the total
volume of ground water in storage and
the remaining unsaturated storage space
available to receive recharge were
determined for fall 1980. Water quality
data were tabulated and calculated to
determine whether selected mineral
constituents exceed recommended limits.

S0il maps developed by the U. S.
Department of Agriculture Soil Conserva-
tion Service (Miller, 1972) were evalu-
ated according to their combined land
glope and soil permeability. Those
soils on slopes less than 15 percent and
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CONCLUSIONS AND RECOMMENDATIONS

especially in the Glenn Ellen Forma-

" tion, but deep well data are lacking

[+]

‘ranges from 14 to 230 mg/L.

to verify this.

Based on TRANSCAP, the volume of
storage available to accept recharge
was 283 700 cubic dekametres (230,000
acre-feet) in fall 1980. This
represents 23 percent of the total
ground water in storage in fall 1980
and 17 percent of the total storage
capacity.

Water level fluctuations for the wells
being monitored have averaged less
than 3 metres (10 feet). This
fluctuation reflects only seasonal
withdrawals and recharge. Well hydro-
graphs indicate no long-term declines,
and no overdraft exists at this time.
Because the basins are essentially
"full”™, an artificial recharge program
to increase the volume of ground water
in storage 1s not needed now.

Ground water pumpage can probably be
increased with little or no adverse
effect in all areas except in the
higher elevations where wells tap the
Franciscan Complex. Ground water in
the rocks of the Franciscan Complex is
limited in quantity, and the rocks
themselves have very low
permeabilities and specific ylelds.

Ground water in the study area is
hard, bicarbonate, and generally
suitable for all uses. The dissolved
solids content ranges from 80 to 680
milligrams per litre (mg/L). Hardness
Concen—
tration of iron is low, generally less
than 0.1 mg/L.

Ground water is used for agricultural,
industrial and domestic, and municipal
supply.




Recommendations

° Continue ground water level monitoring
so that estimates of ground water in
storage can be improved and any
changes in the ground water table can
be detected.

Considering the proximity of shallow
wells to the Russian River and its
tributaries and the assumption that
these wells are fed by the streams,
severe curtailment of riverflow and
water contamination should be avolded
if present practices are to continue.

Examine available data more closely to
determine the amount of hydraulic
continuity between the riverflow and
water wells near the river.

=]

[+]

More accurately define the recharge
areas and recharge rates within the
study area so that the importance of
these areas to the ground water
reservoir are understood.

Establish a program for periodic samp-
ling of water wells for water quality.
Constituents for which analyses should
be conducted include sodium, salinity,
total dissolved solids, nitrate,
boron, and hardness.

Conduct 24-hour, constant rate pump
tests at selected locations in the
study area to determine aquifer
characteristics.
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GEOLOGY AND HYDROLOGY

and the Healdsburg area. Of secondary
importance are the Glen Ellen Formation,
alluvial fan deposits, and terrace
deposits, although the Glen Ellen Forma-
tion is a major source in the southern
part of Alexander Valley. 1In the
eéxtreme southern part of the Healdsburg
area, wells tap the Merced Formation.
Springs and wells in the Franciscan
Complex yleld small quantities of water
along the westeran flank of the Healds-
burg area. The Sonoma Volcanics locally
yield water to wells, but their oceur-
rence is limited.

Table 1 summarizes geologic and hydro—
logic characteristics of these units and
their specific yields. Plate 1 shows
the areal distribution of these units.

UM

Gealogic tnit

Lithology

Specific Yields

"Table 1
MARY OF HYDROLOGIC AND GEOLDGIC UNITS IN ALEXANDER VALLEY AND HEALDSBURG ARER

Comments

Franciscan Complex

Dry Creek
Conglomerate

Merced Formation

Sonoma Volcanics

Glen £11en

Format ion

Terrace Deposits

Alluvium and River
Channel Deposits

Includes chert, sandstone,
shale, greenstone,
serpentine, limestome, and
conglomerate,

Cobbles and boulders of
granodiorite, chert, guartz,
and greenstone, in an
arkosic sandstone matrix,

Fourse- to fine-grained
sandstone, with minor
amounts of clay and wolcanic
materials,

Thick section of flows,
tdikes, plugs, and beds of
andesite, rhyolite, basalt,
tuff, and related flow rocks,

Poorly sorted alluvial fan
and flood plain deposits of
gravel, sand, silt, and
some clay.

Unconsolidated deposits of
sand and gravel.

Coarse sand, silt, clay,
and gravel, and lenses of
very fine sand.

Very Low (3%}

High (10-20%)

Moderate (8-15%)

Variable (0-15%)

Low {3-7%)

Moderate (8-15%)

High (8-20%)

Poor guality water in thermal areas.
Excellent quality water in some cold springs
that issue from these rocks.

Yields excellent quatity calcium bicarbonate
water to wells,

Good quality water. Large guantities of
water may be cbtained in thick sectiens of
consolidated sand.

Hell productivity in the volcanics is highly
variable and unpredictable. Warm water is
encountered in thermal areas. Generally
yields satisfactory quality sodium
bicarbonate water,

Ground water in the formation has a yeater
range of character than any other farmation.
Some of the best and some of the poorest
quality water is obtained from this

format jon.

Water guality is generally excellent.
is a sodium magnesium-bicarbonate type.

Water

Minor amounts of methane gas. The formation
supplies most of the ground water in the
area.

4—T6047




The subsurface distribution of these
units has been determined along the
cross section lines indicated on Plate 1
and Figure 4A as A-A', B-B', C-C', and
D-D'. Figures 4B-E show profiles of the
four cross sections. The following
paragraphs briefly describe the geologic
units.

Franciscan Complex

A3

The Franciscan complex, of Jurassic to
Cretaceous age (see Figure 5), is the
oldest geologic unit in the study area.
The rocks of the Franciscan Formation
consist mainly of poorly sorted sand-—
stone and shale, but also include
serpentinite, greenstone, chert, and
occasionally schist., Greenstone predom-
inates southwest of Dry Creek, but local
bodies of shale, chert, sandstone, and
serpentinite do occur (Cardwell, 1965).

Numerous faults transect the area and,
as a result, the rocks are genmerally cut
by many fractures. Many springs issue
from these fractured rocks and supply
water to the local tributaries of the
Russian River. These springs and wells
in the bedrock also supply water for
many rural homes near Cloverdale Valley.
Well 1IN/10W~19F2, which 1s 102 metres
{335 feet) deep, obtains water from
fractures in bedrock (Cardwell, 1965).
Even though the specifilc capacity of the
well is reportedly low, the well ylelds
are sufficient for domestic use.

Because of the low well yields, areas
underlain by the Franciscan Complex were
not included in calculations of storage
capacity.

Dry Creek Conglomerate

The Dry Creek conglomerate, of Creta-
ceous age, is exposed from Lytton to
about 16 kilometres (10 miles) northwest
of Lytton. The conglomerate is composed
of well rounded cobbles and boulders of
granodiorite, porphyry, quartz, chert,
and greenstone contalned in a matrix of
medium to coarse—grained arkosic
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sandstone (Ford, 1975; Cardwell, 1965).
The conglomerate consists of beds up to
30 metres (100 feet) thick (Ford, 1975).
The entire formation was estimated by
Gealey (1951) to be about 1 500 metres
(5,000 feet) thick.

Wells that tap saturated sections of the
Dry Creek conglomerate generally produce
sufficient quantities of water for
domestic purposes. The ground water is
apparently contained in pore spaces
between uncemented grains and in small
fractures. The formation yields water
to wells even though the permeability is
thought to be low (Cardwell, 1965).

Well yields range from 75 to 230 1litres
(20 to 60 gallons) per minute, with
drawdowns from 5 to 30 metres (15 to

100 feet) (Ford, 1975).

Merced Formation

The Merced Formation, generally of Plio-
cene age, occurs only in the southern
part of the Healdsburg area. The forma-
tion 1s composed of unconsolidated to
slightly consolidated, fine to medium
grained, fossiliferous sand and sand-
stone, with some gravelly lenses and
sandy clay. The formation also contains
at least one persistent tuffaceous bed.
The Merced Formation ranges in thickness
from a few metres to 300 metres (1,000
feet) or more {Cardwell, 1965). A more
detailed discussion of the Merced
Formation is given in Cardwell (1959),
Ford (1975), and Bedrossian (1970).

The Merced Formation generally yields
large quantities of water, and further
south 1s an important water—bearing for-
mation. To the south, in the Sebastopol
area, some wells in the Merced Formation
yield 23 000 litres (600 gallons) per
minute, or mre (Cardwell, 1965). In
the Healdsburg area, however, only small
to moderate ylelds are obtained from
wells that tap this formation. A few
wells in the Healdsburg area do tap
thick sections of unconsolidated sand
and yield large quantities of water.
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ALLUVIAL DEPOSITS

LOOKING BACK IN GEOLOGIC TIME—ALLEXANDER VALLEY & HEALDSBURG AREA

Sonoma Volcanics

The northernmost extent of the Sonoma
Volcanics is in Alextander Valley. The
rocks consist principally of basalt
flows, tuff, and breccia, but also
include andesite, rhyolite, and associ-
ated volcanie sediment. The maximum
thickness in the vicinity of Alexander
Valley and in the Healdsburg area is
probably about 300 metres (1,000 feet)
{Cardwell, 1965). No data were
collected concerning the water—bearing
characteristics of these rocks in the
study area,

To the south, in Santa Rosa and adjacent
valleys, the volcanic rocks yleld water
to wells, locally in large quantities

(Cardwell, 1958). Successful wells that
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have been drilled into the volcanics
generally yield from 40 to 200 litres
(10 to 50 gallons) per minute (Ford,
1975). Fractured basalt, flow-contact
zones, and coarse—grained volcanic sedi-
ments are the water~ylelding rocks of
the Sonoma Volcanics.

Glen Ellen Formation

The Plio-Pleistocene age Glen Ellen
Formation is composed primarily of
poorly sorted alluvial fan and flood
plain deposits. The sediments include
gravel, sand, silt, and clay that have
been largely derived from Sonoma Vol-
canics debris (Cardwell, 1965). Thick
units of silty gravel and clay are com~
monly interbedded with thin lenses of



partially cemented silty sand. The
deposits vary widely |in extent and
thickness, and individual beds rapidly
grade into each other, both laterally
and vertically. The thickness of the
Glen Ellen Formation has been estimated
at about 500 metres (1,500 feet) east of
the Russian River and along the east
side of Dry Creek (Cardwell, 1965).
Elsewhere, thickness of the formation is
difficult to determi

The primary outcrops |of Glen Ellen are
exposed at the southernmost end of
Alexander Valley. 1In the southern half
of the valley, drillers' logs of water
wells and discontinuous exposures
suggest that the Glen Ellen Formation
underlies the valley sediments at depths
ranging from a few metres to 20 metres
(60 feet) below the surface (Cardwell,
1965). The subsurface extent of the
Glen Ellen is not well known in the
northern half of the|valley.

The water-yielding potential of the Glen
Ellen Formation varies considerably due
to its heterogeneous | nature, but permea-
bility is generally low. Most of the
wells drilled into the Glen Ellem in the
Healdsburg area are for domestic use.
The yield from these wells ranges from

5 to 500 litres (1 to 140 gallons) per
minute, with a specific capacity of
about 25 litres per minute per metre

(2 gallons per minute per foot) of
drawdown (Cardwell, 1965).

The Glen Ellen Formation exhibits
similar water—-bearing characteristics in
Alexander Valley. Specific capacities
of wells are generally low, but high
yields may be obtained from wells rhat
penetrate thick sections of the forma-
tion. Many wells in| the southern part
of Alexander Valley produce from the
Glen Ellen. Farmers|in the southern
upland area obtaln afdequate supplies
(450 litres (120 gallons) per minute) of
water from the formaftion at depths of
less than 60 metres {200 feet)
(Cardwell, 1965).

Terrace Deposits

Remnants of Pleistocene age Terrace
Deposits are discontinuously exposed
along the Russian River and Dry Creek.
They consist of wnconsolidated, cross
bedded sands, with some silt and clay.
The thickness of these deposits wvarles,
but may be up to 61 metres {200 feet)
{Ford, 1975). The Terrace Deposits were
originally formed as alluvial fan, flood
plain, and stream channel deposits, and
have since been isolated as the streams
have downgraded.

Most terrace deposits may yleld adequate
supplies of water for domestic, stock,
commercial, and limited industrial uses.
Wells drilled into these deposits gener-
ally yield from 40 to 200 litres (10 to
50 gallons) per minute. Specific capa-
cities range from less than one to about
60 litres per minute per metre (5 gal-
lons per minute per foot) of drawdown
(Cardwell, 1965). Higher yields may be
obtained where the deposits are fairly
extensive and undissected. One well in
such material reportedly yielded 1 650
litres (435 gallons) per minute with a
drawdown of 30 metres (100 feet). The
well is 55 metres (180 feet) deep, and
may tap the Glen Ellen Formation beneath
the terrace deposits (Cardwell, 1965).

Table 2 shows the variation of some
wells within the terrace deposits.

Table 2
WELL YIELDS FRCM TERRACE DEPOSITS

Well Yield per Minute Orawdown
Number Litres ballons etres eat
9/9-17R1 75 20 14 44
9/9-22P1 50 24 5 17
3/9-32E3 230 60 16 50
9/10-161 800 200 12 k)
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Alluvium and
River Channel Deposits

Unconsolidated alluvium, of Holocene
age, underlies the alluvial plains of
the Russian River, Dry Creek, and tribu-
tary streams. Those deposits adjacent
to the river and streams consist of
loose, permeable gravel and sand that
range in thickness from a few metres to
more than 24 metres (80 feet) (Cardwell,
1965). Farther from the river, the
alluvium contains less coarse—grained
material and more siit and poorly sorted
sand and gravel deposited by tributary
creeks. As a result, the alluvium away
from the river is less permeable than
alluvium near the river, and ylelds less
water to wells. .

In general, high ylelds are possible

from wells that produce from the allu-
vium, and this source supplies most of
the ground water used in the Healdsburg
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area. Near the river, wells 8 to

15 metres . (25 to 50 feet) deep generally
yield 800 to 2 000 litres (200 to

500 gallons) per minute {Cardwell,
1965). 1In the marginal areas, where
little river channel gravel exists,
wells have a lower yield. It is poas-
ible for wells in the alluvial deposits
to yleld 3 800 litres (1,000 gallons) or
more, provided the wells are correctly
located and properly constructed
(Cardwell, 1965).

Many irrigation wells in both valleys
obtain their water supply from the allu-
vium, but yields greater than 2 000
litres (500 gallons) per minute are not
generally required because the amount of
land irrigated by individual wells 1is
relatively small. The specific capaci-
ties of irrigation wells drilled into
the alluvium commeonly range from 200 to
800 1litres (50 to 200 gallons) per
minmute (Cardwell, 1965).



Chapter 4.

The term geohydrology refers to the
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GROUND WATER

Impermeable bedrock includes rocks that
either yield no water at all or that
yield water so slowly that they are
suitable only for a domestic supply or
for a water system that has extensive
storage facilities and a low rate of
use. In Alexander Valley and the
Healdsburg area, the Franciscan Complex
is essentially impermeable bedrock.

The canyon that connects Alexander
Valley and the Healdsburg area has been
eroded in the Franciscan Complex, a
relatively impermeable bedrock, by the
Russian River. The canyon contains only
a minor amount of water—-bearing stream
channel deposits.

A similar reduced section of water-
bearing materials occurs between Clover—
dale Valley and Alexander Valley near
Asti. This constriction is shorter and
wider than that between Alexander Valley
and the Healdsburg area, but neverthe-—
less it also constitutes a ground water
boundary between two sub-basins.

Faults are fractures in the rock along
which the rocks on either side have been
moved. The fracture might or might not
Intersect the earth's surface. Faults
sometimes create zones of crushed and
broken rock along the fault trace. This
crushed materlial can be clay-rich,
impeding the movement of ground water
across the fault and thus acting as a
barrier.

Although there are many faults in the
uplands that separate Alexander Valley
from the Healdsburg area, as well as in
the surrounding foothills, the fault in
Dry Creek Valley is the only one mapped
as cutting the alluvium and stream chan-
nel deposits. So few measurements of
water levels in wells are available that
it is not known whether this Pry Creek
Valley fault acts as a barrier to the
movement of ground water.
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GROUND WATER TERMINOLOGY

The science of ground water hydrology deals with the distribution and behavior of ground water -- how much water
is contained in any geofogic material and how easily it can be extracted. The science of ground water geology deals with
the effect of geology on the distribution and movement of ground water -- how different geolagic materials and geclogic
structures determine the rate and paths of movement of ground water. By knowing the geclogy of an area, the subsurface
hydraulic properties of that area can be estimated, because ground water hydrology and ground water geology are closely
related. .

Geologic formations can be divided inte two groups: water-yielding and nonwater-yielding. Water-yielding forma-
tions, which usually consist of unconsolidated deposits of sand and gravel, readily absorb, transmit, and yield large
quantities of ground water to wells. Nomwater-yielding formations, which usually consist of clay and consolidated rocks,
yield only limited quantities of water to wells. Each geologic formation has specific hydraulic properties: perosity,
permeability, specific yield, and transmissivity.

POROSITY AND PERMEABILITY

Porosity is the ratio of the volume of the voids between the particles in a sample to the total volume of the
sample. .

volume of voids
total volume of sample

Porosity = {100) = %

Porosity is not necessarily indicative of permeability, which indicates the ease with which ground water moves
through a material. If the openings between the particles are small or are not connected, the permeability of the
material is Jow. For example, clay contains a large number of small voids, so its porosity may be as high as 50 percent.
Because of the physical and chemical nature of clay, it transmits very little water and it has a very Tow permeability,
about 1.07 X 10-% metres {3.5 X 10-% feet) per day.* The porosity of sand and gravel is about 20 percent, much Tower
than the porosity ef clay, but the voids in the sand and gravel are 1argsr and are interconmected. Thus, most sands and
gravels transmit water readily, having a permeability of about 1.07 X 10¢ metres (3.5 X 10¢ feet) per day.

A permeable geologic unit is called an aquifer. A relatively impermeable geologic unit is called an aguiclude or
an aquitard because it retards the flow of water; both are called confining beds because they block the movement of
ground water. Confining beds usually consist of clay or other fine-grained sediments. They contain ground water but
have low permeability and cannot transmit extractable guantities. Granite is an example of an aguifuge because ground
water cannot flow through it; granite is neither porous nor permeable. Ground water does flow through joints in the
granite, but that geologic complication is a result of structural complexities not related to porosity or permeability.
The porosity and permeability of formations composed of clay, sands, and gravels generally decrease through time as the
formation becomes more consolidated.

SPECIFIC YIELD

Specific yield is the ratio of the volume of water that will drain due to gravity from a saturated sample of
material to the tota) volume of the sample.

votume of water drained

specific Yield = total wolume of sample

(100} = %

The higher the specific yield of & geolegic unit, the more water it will yield. Listed below are representative
specific yield values for common geologic materials. Geologic materials having a more uniform grain size distribution
will have a greater specific yield because of the greater total amount of space between particles. Consolidated rock and
rocks such as basalt and granite are given specific yield values close to zero because water is contained only in
fractures and not within-the rock. The volume of water stored in fractured rock is highty variable, depending on the
size and extent of the fractures, and cannot be easily quantified.

% Specific Yield 3 5 10 20 25
Geologic Material Adobe Cemented Gravel Clay, Sand, & Gravel Coarse Sand Gravel
Clay {emented Sand Fine Sand Loose Sand Sand and Gravel
Shale Llay and Gravel Quicksand Medium Sand
CSilt Sand and Clay
TRANSMISSIVITY

Transmissivity is the rate at which ground water will flow through a unit width of an aguifer, and is equal to the
permeability of an aguifer multiplied by its thickness. The transmissivity of an aguifer or formation can generally be
determined only from water level data collected during extended pumping of a water well. During a constant-rate pump
test, abrupt changes in the slope of the curve from which transmissivity is determined indicate either the presence of a
barrier, which impedes ground water mavement, or the presence of a source of ground water recharge.

*"Metres per day" and “feet per day" are standard velocity umits that indicate the amount of ground water that moves
through a given cross-sectional area in one day:

a. 1t cubic metre of ground water moves through } square metre in 1 day. The units are: T md / me / day = 1 m/day
b. 1 cubic foot of ground water moves through 1 square foot in 1 day. The units are: 1 ft3 7 ft2 7 day = 1 ft/day
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Ground Water Occurrence
and Movement

Ground water in the Alexander Valley and
Healdsburg area occurs in the alluvial
materials and river channel deposits,
with some water coming from the Glen
Ellen Formation. Older rocks, such as
those belonging to the Franciscan
Complex and Dry Creek Conglomerate, are
tapped in and near the foothills and
yield only minor quantities of water to
wells.

In Alexander Valley, ground water moves
from the margins toward the Russian
River during most of the year. When
ground water levels are depressed,
usuvally during the fall, flow in Russian
River recharges the ground water
reservoir. The distance from the river
that such recharge occurs is not known.
Local movement of river water into the
alluvium occurs during high river stages
in the autumn and winter, and also in
summer in areas where large withdrawals
are made close to the river (Cardwell,
1965). Most recharge to the ground
water 1s derived from infiltration of
rain that falls on the valley floor and
from seepage into permeable deposits
that underlie channels of the tributary
streams. The gravelly alluvial cone of
Big Sulphur Creek is a large source of
recharge both from infiltrating rain and
from streamflow.

Large quantities ‘of “gubsurface flow are
contained in the channel deposits of the
streams. Dry Creek subsurface flow into
the Healdsburg subunit has been
estimated at 1 230 cubic dekametres
(1,000 acre-feet) per year (Finlayson,
1980).

Occurrence, movement, and fluctuatiomn of
ground water are determined through
analysis of water level data obtained
from a number of wells located through-
out a ground water basin. These data
provide an insight to the ground water
conditions within the area under study.
Most of these water level data are of a

24

composite nature, because they do not
represent actual potentiometric condi-
tions for any specific aquifer or water-
bearing stratum, but represent an
average for all water—bearing strata
intercepted by a particular well.

Water Level Fluctuations

Typical water level fluctuations in the
study area are shown on ground water
hydrographs in Figures 8A and 8B. A
hydrograph is a graphical record of
water level measurements that have been
taken over a period of time. The spring
water level reading represents the high-
est level to which the ground water has
recovered after winter precipitation.
Conversely, the fall measurement repre-—
sents the lowest cyclic level to which
the ground water has dropped after
summer pumping.

Long—term hydrographs reveal any changes
in the water levels of various ground
water bodies. Data of this type are
available from }7 key wells — 9 in
Alexander Valley and 8 in the Healdsburg
area {see Figures 8A and 8B). Some of
these wells have been measured since
1960, giving a good indication of the
nature of the ground water units that
the wells tap.

The hydrographs in the study area indi-
cate essentially no long—term change in
water levels over a 20-year period.
This suggests that the aquifer systems
tapped by most of these wells are being
adequately recharged to meet the
seasonal demamnxdis on ground water and
that no long—-term overdraft exists. The
range of fluctuations in wells in the
alluvial plain is less than 3 metres
{10 feet) per year, suggesting that
water levels are affected only by
natural recharge, discharge, pumping,
and variations in rainfall. Seasonal
fluctuations in the upland areas and
near the margin of the alluvial plain
are generally somewhat greater.
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FIGURE 8B
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Computer—Assisted

Geologic Evaluation

One of the goals of this study was to
determine the total volume of ground
water in storage and the available

ground water storage capacity.

able storage capacity

capability of the cell

Avail—-
indicates the
to store addi-

tional ground water from natural or

artificial recharge.
mined with the aid of
program TRANSCAP.

The input to TRANSCAP

drillers' logs of water wells.

This was deter—
the computer

was based on

logs in the study area were located and

assigned to the proper

cell is equivalent to
section — 260 or 130
320 acres). Figure 11
the cell boundaries.
divided into 95 cells,

are in Alexander Valley, and cells 57 to

cell area. Each
a section or half
hectares (640 or

{page 34) shows

Cells 1 to 56

95 are in the Healdsburg area.

Each well log was analyzed, and the
descriptions of subsurface materials

encountered in each well were translated

into Equivalent Specific Yield (ESY)

values.
Finlayson (1974} as a

ESY was defimed by Ford and

property of the

geologic material numerically equal to

the specifie yield, but without the

connotation of the qu
water contained there

ESY data were then:-us
TRANSCAP for all sele
ground water basin.

TRANSCAP was not run
with surficial geolog
of the Franciscan Com
Creek Conglomerates b
geologic wmits yield

The TRANSCAP program

within a cell to the

of the land surface i
program then averages
from all wells in tha
3-metre (10-foot) inc
The averaged data are

ntity of ground
Ne

d as input for
ted wells in the

or those cells
composed mainly
lex and the Dry
cause those
ittle water.

djusts all wells
verage elevation
that cell. The
all the ESY data
cell for each
ement of depth.
related to

All well

permeability using a curve developed
during the Department of Water Resources
investigation of the Livermore and Sunol
Valleys (Ford and Hills, 1974). Permea—
bility is then converted to transmissiv-—
ity using the estimated water—bearing
thickness. When no drillers' logs were
available for a cell, storage capacity
values were extrapolated from another
cell with similar geclogy.

A sample TRANSCAP printout (in ecustomary
units) is shown on Figure 9. The
variables listed in the upper left—hand
corner of the table describe the values
used to set up TRANSCAP for this cell
(Node 7). Increment of Depth = 10 indi-
cates that speclific yields are averaged
over 3—metre (10 foot) intervals. Node
Elevation Control is the average eleva-

The study area was

tion of the land surface within the
cell. Node Surface Area is the surface
area (in acres) of the cell or part of a
cell. Note that the center point in a
cell is called the “node”.

In the table, intervals are described in
terms of both "depth" below land sur-
faces and "elevation” relative to sea
level. For example, for the interval
between 3 to 6 metres (10 to 20 feet)
above sea level, at a depth of &7 to

70 metres (220 to 230 feet):

[+ ]

Average specific yield is 15 percent.
Unit width transmissivity is 38 000
litres (10,000 gallons) per day.

Storage capacity is 8 900 cubic deka-
metres (7,200 acre—-feet),.

The computer—generated numbers should be
rounded before use to one or two signif-
icant figures to avoid the impression of
precision.

To determine the ground water storage
capacity of any cell, the bottom of the
water-yielding zone must first be estab-
lished. The graph on Figure 9 shows a
profile of the transmissivity in the
sample cell. The more horizontal the

line, the better the water-yielding
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The net storage capacity of the
water~yielding zone is calculated by
subtracting the storage capacity to
bottom figure at the bottom of the
water—-ylelding zone from the correspond-
ing figure at the top of the water—
yielding zone. A typical work sheet is
showm on Table 3.

zone. The more vertical the line, the
motre that zone functions as a confining
bed. The bottom of the water-yielding
zone is determined from the TRANSCAP
graph and is verified by comparison with
geologic maps and cross sections. The
top of the water—yielding zone is gener-
ally assumed to be the land surface.

Table 3
SUMMARY OF ALEXANDER YALLEY AND HEALDSBURG NODAL STORAGE

Fall of 1980

Top of Bottom of Total Ground Saturated Dewatered
Surface Aquifer Aquifer Storage Water Storage Storage
Area Elevation Etevation Capacity ETevation Space Space
Node (Acres) Feet) (Feet)  (Acre-Feet) {Feet) {Acre-Feet) (Acre-Feet)

1 160 320 260 1,100 300 887 213
2 320 320 180 4,470 290 3,318 1,152
3 160 pz20 260 1,100 310 887 213
4 480 320 210 5,728 300 4,816 912
5 320 Boo 190 5,088 300 5,088 0
6 640 320 230 4,089 310 2,489 1,600
7 640 290 190 13,044 290 13,044 0
8 480 330 210 2,448 320 1,944 504
9 240 310 190 5,484 280 4,512 972
10 430 320 200 6,349 290 5,917 432
11 480 270 190 2,208 270 2,208 V]
12 640 360 200 10,679 270 5,117 5,562
13 640 290 200 9,002 260 4,39 4,608
14 640 330 230 4,000 240 256 3,744
15 320 250 80 6,304 225 4,784 1,520
16 180 230 100 12,048 210 11,088 960
17 640 220 60 24,106 200 21,060 3,046
18 320 —. (220 50 4,840 195 3,948 . B9
19 540 210 30 21,818 195 19,838 1,980
20 320 230 -120 10,280 200 9,463 817
21 160 210 60 5,616 190 4,816 800
22 640 19¢ 30 20,115 180 18,793 1,322
23 320 190 50 10,240 175 9,424 816
24 160 29¢ 160 1,395 210 599 796
25 320 200 90 5,632 170 4,936 696
26 640 180 50 18,387 170 17,043 1,344
27 480 180 -50 16,719 180 16,719 0
28 640 210 -50 17,189 190 15,717 1,472
29 160 220 -90 5,330 195 4,710 620
30 320 180 50 7,488 155 6,992 496
31 640 170 -60 21,645 160 21,364 281
32 640 170 -14G 33,220 160 32,666 554
33 640 180 -70 16,590 170 16,270 320
34 640 210 -100 18,372 180 17,220 1,152
35 640 230 -90 22,040 170 19,355 2,685
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Table 3 {Continued)

Fall of 1980

Top of Bottom of Total Ground Saturated Dewatered
Surface Aquifer Agquifer Storage Water Storage Storage
Area Elevation Elevation Capacity Elevation Space Space
Node {Acres) {Feet) {Feet) (Acre-Feet) {Feet) (Acra-Feet) {Acre-Feet)

36 320 220 116 4,091 160 2,687 1,404
37 480 200 -150 22,010 155 19,156 2,854
38 640 170 -130 14,740 160 14,108 632
39 480 220 -40 9,051 150 6,507 2,544
40 160 300 0 22,040 170 19,355 2,685
41 320 320 120 4,091 170 3,241 850
42 160 170 120 539 140 212 327
43 640 180 -330 38,490 135 35,200 3,290
44 480 220 -40 9,051 140 6,267 2,784
45 320 176 120 539 135 130 409
45 640 180 =330 38,490 140 35,472 3,018
47 320 400 -330 55,386 145 35,813 19,573
48 160 160 100 1,728 130 864 864
49 640 190 -20 11,582 140 9,841 1,741
50 620 280 -30 18,656 150 10,144 8,512
51 640 320 -100 18,548 135 6,356 12,192
52 640 370 -280 34,49 145 14,560 19,936
53 480 540 -300 66,138 150 36,154 29,984
54 640 400 130 12,224 150 640 11,584
55 640 610 140 9,024 155 6,240 2,784
56 320 930 -100 67,348 160 6,548 60,800
57 160 210 90 2,335 185 2,015 320
58 160 210 90 2,335 180 1,951 384
59 480 190 -60 15,691 175 15,043 648
60 160 190 110 1,850 170 1,466 384
61 480 180 100 4,078 165 3,402 676
62 320 170 -100 7,461 160 7,289 172
63 480 200 -80 15,217 150 12,625 2,592
64 640 170 -70 12,163 140 10,562 1,601
65 480 240 -80 17,904 130 12,192 5,712
66 320 150 30 3,737 125 3,189 548
67 640 170 -30 14,526 110 10,300 3,626
68 640 220 50 8,009 100 2,510 5,499
69 160 240 -40 3,814 95 1,841 1,973
70 160 120 oU 1,028 95 630 398
71 640 170 -100 16,588 95 12,445 4,143
72 6540 210 10 11,320 5 5,064 6,256
73 320 110 -240 18,610 85 17,823 787
78 640 170 0 9,645 85 6,455 3,150
75 320 150 -40 7,536 85 3,480 4,056
76 640 =90 -20 7,066 75 6,404 662
77 640 110 20 9,074 75 5,701 3,373
78 160 100 70 240 75 40 200
79 480 90 -150 17,144 70 16,212 932
80 640 90 -40 9,443 70 8,643 800
81 640 110 -40 7.754 70 6,340 1,414
82 320 90 10 2,192 6C 1,728 464
83 640 80 -10 9,254 55 7,167 2,087
84 640 110 -60 11,351 60 8,203 3,148
85 640 250 140 4,602 180 2,085 2,517
86 480 400 180 9,456 200 1.872 7.584
87 640 80 -80 5,618 45 4,050 1,568
88 640 100 -320 50,996 50 47,232 3,764
89 320 150 20 3,274 55 880 2,394
S0 640 80 -200 22,709 40 18,752 3,957
91 640 130 -300 37,022 40 30,592 6,430
92 640 80 -200 31,696 35 26,431 5,265
93 640 130 =300 28,144 35 22,805 5,339
94 480 60 -200 18,544 35 17,160 1,384
95 640 120 -300 29,125 35 26,337 2,788
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To determine the volume of water in
storage, the average ground water level
for the cell is determined from a ground
water level map. The volume of water in
storage 1s determined by subtracting the
storage capacity to bottom figure at the

bottom of the water—yielding zone from
the corresponding figure at the ground
water table elevation, This method
assumes that all ground water in the
area studied is unconfined.

L]

Water level information for fall 1980
(Figure 10) was combined with the
product of TRANSCAP to determine the

storage capacity, the
water in storage, and

ground water storage ¢apacity.

able storage capacity

total volume of
the available
Avail-
indicates that the

cell may be able to store additional
ground water from natyral or artificial

recharge.

The available storage capa-

city of each cell is shown on

Figure 11.

Total Water

in Storage

The total ground water storage capacity,

total volume of water

in storage, and

the available ground water storage

capacity are given in
were not enough groumn
before fall 1980 to ¢
water level maps, but
wells monitored in th

Table 4. There

d water level data
pnstruct ground
hydrographs of

g past were

examined for trends. | The hydrographs
indicate that grouiid water levels within
the study area have generally remained
constant. Fven the drought of 1976 and
1977 did not seem to have affected water
levels in any appreciable way. In
general, therefore, the volume of ground
water stored in Alexander Valley and the
Healdsburg area has not changed.

Experience has shown [that not all of

the ground water in storage can be
extracted, nor can all of the unsatur-
ated available storage space be used.
Sustained yield is the volume of ground.
water that can be extiracted annually
without adversely affecting the ground
water basin. Sustained yield generally
equals annual recharge to the basin, but

the yield can be increased over a short
time to temporarily remove an additienal
volume of water beyond normal seasonal
fluctuations. Such withdrawal produces
additional storage space for the
recharge of surplus surface water during
wet years. As with any lithologically
heterogeneous ground water basin, sub-
stantial and sustained lowering of
pliezometric levels in confined aquifer
systems may result in subsidence.

To determine the recharge rate, and
therefore the sustained yield of the
basin, certain data are required that
are not available in Alexander Valley
and the Healdsburg area. The data
needed are:

°® The volume of water removed from the

ground water basin, which includes:

~ Volume of municipal and private
ground water pumpage.

~ Volume of surface water flow into
and out of the study area.

— Volume of water used by vegetation
(evapotranspiration).

~ Volume of water used for irrigation
and frost control.

The volume of water returned to the
ground water basin from all sources,
including:

— Precipitation.

~ Irvigation.

- Frost control.

- Artificial recharge.

— Streamflow.

- Subsurface sewage disposal systems.
In summary, only the volume of annual
change in ground water storage in Alex-
ander Valley and the Healdsburg area has

been estimated using information from
TRANSCAP.
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The change in storage estimate was based
on uniform ground water level fluctua-
tions of 3 metres (10 feet) between
spring and fall each year in all cells.
Hydrographs of wells being monitored
show that the water level generally
fluctuates within that range.

This fluctuation represents a total
volume of 62 000 cubic dekametres
{50,000 acre-feet) of ground water every

from the water-bearing materials with
little or no adverse effect on the
reservoir. Extraction of more ground
water would increase the range of fluc-
tuation of the ground water surface and
would provide more available storage
capacity for recharging water. 1If
extractions are increased, additional
monitoring wells will probably be needed
to delineate the ground water surface
near the margins of the subbasins so

year’, Under present conditions, it that long—-term effects can be
possible to extract more ground water evaluated.
Table 4

SUMMARY OF GROUND WATER STORAGE CAPACITY

Number Total Fall of 1980
Ground Water Basin Permeabie of Wells Storage Saturated Available
and Subbasin Area in Area Capacity Storage Storage
{cubic {cubic {cubic
{hectares) dekametres) dekametres) dekametres)
Cloverdale (Nodes 1-13) 2 300 180 88 000 68 000 20 000
Alexander Area (Nodes 14-56) 8 100 600 940 000 675 000 __ 265 000
Alexander Valley Subtotal 10 400 780 17028 006 743 000 285 000
Healdsburg Area (Nodes 57-95) 7 700 830 603 000 481 000 122 000
Totals 18 100 1 631 000 1 224 000 407 000
o (acres) {acre-feet) (acre-feet) {acre-feet)
Ciloverdale {Nodes 1-13) 5,700 180 71,000 55,000 16,000
Alexander Area (Nodes 14-56) 20,100 600 762,000 547,000 215,000
Alexander Valley Subtotal 25,800 780 833,000 602,000 231,000
Healdsburg Area (Nodes 57-95) 19,000 830 489,000 390,000 99,000
Totals 44,800 1,322,000 992,000 333,000
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FIGURE 10
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FIGURE 11
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The quality of a wate:
important as the quan
the quality of the gr
study area, chemical

Chapter 5.

r resource is as
tity. To assess
ound water in the
analyses of water

from wells in the are

were compiled.

Water quality data from Department of

Water Resources files
Alexander Valley and
Healdsburg area are s
The significance of s
tuents present in the
in the following sect

Dissolved Sodi

for 16 wells in
rom 2 wells in the
own in Table 5.

me of the constil-
water is discussed
ons.

and aSAR*

Sodium is a very acti
not occur free in nat
salts, such as sodiu

e metal that does
re. Most sodium
chloride or table

salt, are extremely spluble in water,
and most natural waters contain measur-

able amounts of these

salts.

There are some indications that higher
concentrations of sodium in drinking

water may be harmful

to people with

heart, kidney, or circulatory diseases.

However,

the levels of dissolved sodium

that cause these problems have not been
firmly determined. No drinking water
standard for sodium_has been

established.

Sodium is required in
for most plant growth

limited amounts
, but irrigation

water with high concentrations of sodium
in relation to calcium and magnesium can

cause two problems.
of sodium:

® Have a toxic effect

High concentrations

on most tree crops

and woody ornamentals, elther through
foliar absorption ar root absorption.

WATER QUALITY

° Can decrease the permeability of soils
with moderate to high clay content,
causing poor soil drainage.

The adjusted sodium adsorption ratio
(aSAR) has been developed as a means of
indicating the extent of the above
problems., Previous guldelines for
sodlum used the SAR rather than the
aSAR. The new guidelines (aSAR)
recommend a lower concentration of
sodium than the previous guidelines.

Irrigation water will cause some soll
binding in soils containing clay if the
aSAR value is 6 or more and will cause
severe dralnage problems when the aSAR
valve is 9 or more.

Ion toxicity from root absorption
problems increase as the aSAR exceeds 3;
severe problems occur when the aSAR is
greater than 9 (Ayers and Branson,
1975). TIon toxicity from foliar
absorption problems increase as the aSAR
exceeds 3 and becomes severe when 6 or
more, Foliar absorption limits are
important when sprinklers are used for
irrigation or frost control.

Most of the wells studied had relatively
low aSAR values. Sixteen (89 percent)
had values less than two. One well
(10N/9W-32R1), which is 75 metres

(245 feet) deep, had aSAR values 1in the
range of 5.18 to 5.66. That well is
probably in the Dry Creek Conglomerate
Formation. Another well (9N/8W-7Q1),
which is 149 metres (490 feet) deep,
had aSAR values that ranged from [3.31
to 16.77. Most, if not all, of that
well ig drilled in the Glen Ellen
Formation.

*aSAR calculations were based on the procedure developed by Ayers and Branson,
University of Californla Cooperative Extension, January 1975 "Guidelines for
Interpretation of Water Quality for Agriculture”.
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Date EC
Sampled {uS/cm)
7/--/58 583
9/--/59 588
9/--/60 611
8/21/61 551
9/19/61 586
9Y23/64 583
B/31/67 623
7/08/69 581
7/16/70 577
7/25/73 593
6/12/75 570
8/09/78 580
7/16/80 589
6/12/75 347
8/03/77 298
7/29/80 300
1/08/57 413
7/--/58 356
9/--/59 311
9/ /60 334
9/--/61 304
9/19/63 272
9/07/66 420
7/12/68 403
1/08/69 333
7/16/70 360
7/26/73 338
6/23/76 362
8/09/78 351
7/--/58 227
9/--/59 204
8/--/60 225
9/--/61 216
9/06/66 208
9/06/67 215
7/30/68 212
7/08/69 208
7/16/70 204
7/26/73 208
6712775 208
8/04/77 230
7/12/79 232
9/19/63 5319
8/10/72 306
8/08/74 288
8/03/77 43t
7/16/80 304
6/23/76 345
8/09/78 373
7/--/58 336
9/--/59 297
9/19/63 329
9/23/64 292
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Table §

GROUND WATER QUALITY OF ALEXANDER VALLEY AND HEALDSBURG AREA

aSAR

15.52
15.66
16.28
13.31
15.11
15.69
16.77
15.79
15.46
15.41
14.41
16.40
15.63

0.78
0.94

DOoOQoLoOoOoo oo a0
ST S N SO oy 00 00~
HAODmONY S N N

1.40
1.28
1.43
1.29
1.23
1.26
1.25
1.21
1.35
1.14
1.20
1.44
1.42

Dissolved Mineral Constituents (mg/L}

14

Ta Hg Ka K TH =~ HCO, 0, L S0, _N5, 163
Hell 9N/BR-7Q1 (Depth 149 metres; 490 feet)
1.0 3.0 131 4.9 16 308 0 41 0.0 o] 0.34 444
4.8 1.2 134 6.2 17 292 i1 8 1.0 0.2 0.4 -
2.0 1.0 138 4.0 15 243 35 ¥4 1.0 ¢ g.42 -
3.7 2.2 118 5.0 18 287 4] EE} 0.0 0.5 0.32 -
3.6 i.0 132 4.0 13 270 22 kS 1.0 1.0 0.40 416
2.6 1.3 132 5.4 12 306 0 35 1.0 0.3 0.3 425
2.8 2.2 144 - 16 298 7 40 - - 0.5 -
4.1 0.7 130 5.8 13 299 12 18 0.5 1.2 0.5 402
1.8 1.6 132 - 16 311 o] 39 - - - -
- - 128 - 12 313 0 15 - - - -
125 - 17 300 0 36 - - - -
- - 139 - ¥4 - - 36 - - - -
2 2 132 5.3 13 - - 17 1] 0.0 0.5 436
Well 9N/9W-1K1 (Depth 124 metres; 407 feet)
26 23 12 0.7 162 193 0 6.0 18 2.4 209
- - 14 - 122 172 0 6.7 - - -
22 18 14 0.7 129 - - 6 - - -
Well 9N/9W-1P1 (Depth 27 metres; 90 feet)
48 20 13 1.0 203 255 0 8.5 5.8 0.1 1.3 -
28 24 11 0.3 169 191 o 11 14 10 0.10 274
25 19 12 0.8 141 172 4 4.8 I1 1.8 0.0 -
21 23 13 1 148 170 ¢ I3 13 1 0.0 -
19 23 10 0.7 144 175 o 6.2 12 2.1 0.09 -
17 19 13 0.8 122 154 Q 9.0 5.0 5.0 0.0 179
35 28 g.2 - 205 182 12 8.0 - - 0.1 -
33 28 9.4 - 199 204 & 5.0 - - 0.0 -
28 24 8.0 0.5 167 194 o 4.3 18 4.2 0.1 150
30 24 7.6 - 76 183 Q 6.4 - - - -
30 26 3.2 0.6 84 192 0 6.2 28 9.8 0.0 215
- - 9.2 - 184 205 0 6.2 - - - -
- - 11 - 166 - - 4.6 - - - -
Well 9N/10W-1C1 (Depth 64 metres; 209 feet}
12 iz 19 0.7 79 i28 v} 7 3 0 0.0 164
14 9.0 18 0.6 72 124 0 5.5 1.0 0.0 0.0 -
14 11 20 1 77 101 12 10 4 0 0.11 -
15 9.1 18 2.8 75 129 v} 6.8 0.0 0.2 0.02 -
13 12 18 - 30 116 0 50 ~ - 0.0 -
14 9.7 18 - 75 112 L} 6.4 - - 0.0 -
13 10 18 - 4 117 1] 6.7 - - 0.1 -
12 10 17 0.5 1 121 o 6.9 2.1 0.0 0.0 175
13 9.4 19 - . 1 118 4] 6.8 - - - -
- - 16 - n 119 0 6.3 - - - -
- - 17 - 71 117 o 7.5 - - - -
- - 20 - 73 127 0 5.9 - - - -
14 10 210 0.7 76 {103)71 - 8 6 0.0 0.0 172
Well 9N/10M-1L1 (Depth 64 metres; 209 feet)
29 51 13 2.6 283 298 il 10 17 17 333
Well 10N/9W-18B1 (Depth 55 metres; 180 feet)
20 16 17 0.3 118 125 0 12 18 22 187
- - 16 - 115 119 o} 9.4 - - -
- - 16 - 228 253 0 3.5 - - -
23 14 16 0.4 115 110 - 11 - - -
Well 10N/9W-18N1 (Depth 20 metres; 66 feet)
26 20 16 0.6 147 151 0 7.6 38 9.0 228
- - 17 - 154 (12T - 6.0 - - -
Well 10N/9W-18R1 {Depth 4.3 metres; 14 feet)
32 22 9 G.7 169 204 4 5 [ Z2 0.7 254
29 18 5.4 0.9 146 170 o 4.8 13 5.3 0.5 -
3l 22 B.5 0.7 170 170 10 6.5 13 5.6 0.4 202
34 8.5 1.2 141 150 8 4.5 13 0.2 ©.4 154

o




Table 5 (continued)

Date EC
Sampled {uS/cm)
7/--/58 502
9/--/59 479
1 /62 512
9/23/64 527
8/03/65 563
9/07/66 566
8/31/67 622
7/12/68 625
7/08/69 568
7/16/70 578
8/08/74 672
6/23/76 597
8/09/78 639
L]

7/25/73 535
6/12/75 538
8/03/77 454
7/16/80 544
7/--/58 457
9/--/59 506
3/--/60 457
8/09/72 288
8/08/74 304
6/23/76 310
FI12/79 324
6/12/75 37
8/03/77 384
7/16/80 455
8/08/74 512
8/03/72 419
B/08/74 359
6/23/76 384
8/09/78 421
7/16/80 353
7/--158 387
9/--/59 399
9/--/61 364
9/19/63 366
9/23/63 305
9/08/69 318
7/15/70 388
8/08/74 440
6/23/76 454
7/12/79 386
7/--/58 266
9/--/59 248
9/--/61 229
9/19/63 379
7/--/58 239
9/--/59 183
9/--/61 199
9/19/63 178
9/23/64 194
B8/03/65 192
9/06/66 185
8/31/67 201
7/12/68 199
12N 193

[
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Well 10M/9W-26L1 (Depth 98 metres; 320 feet)
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28 45 13 0.3 256 281 10.5 14 11
28 47 12 0.3 263 278 14 5.8 11
29 47 12 0.4 265 300 [} 8.3 12
22 53 11 0.4 274 275 16 7.0 16
29 52 13 - 286 284 14 8.6 -
32 53 12 - 299 282 17 9.7 -
34 55 12 - 313 301 13 3.7
33 55 13 - 311 326 0 8.6 -
30 57 11 0.5 309 310 18 8.0 32
31 56 11 - 307 324 o 9.7 -
- - 12 - 346 292 0 7.7 -
- - 13 - 311 304 0 11 -
- - 11 - 331 (245)T - 6.1 -
Well 10N/09W-26L2 {Depth 12 metres; 40 feet)
30 44 11 0.1 258 193 0 10 73
- - 12 - 268 204 0 15 -
- - i1 - 256 242 0 8.4 -
31 45 12 0.2 263 218 0 16 -
Well 10N/9W-32R1 {Depth 75 metres; 245 feet)
36 10 69 0.7 130 294 0 15 16
37 7.9 70 3.4 125 289 0 12 24
20 10 71 1 a9 234 0 13 25
Well 10ON/9N-33D1 (Pepth 30 metres: 98 feet)
18- 20 11 0.3 128 150 0 8.1 13
- - 12 - 137 155 0 7.6 -
- - 12 - 131 162 0 8.0 -
?1 22 11 - 143 161 V] 8 -
Well 10N/10W-1261 {Depth 10 metres; 33 feet)
33 27 8.8 0.8 193 236 0 0.0 12
- - B.7 - 218 199 1] 8.2 -
40 31 11 0.9 228 268 0 5 -
Well 10N/10W-13K5 (Depth 52 metres; 172 feet)
44 27 25 0.7 220 309 0 3.8 15
Well 1IN/10W-BP1 {Depth 9.1 metres; 30 feet)
28 30 10 0.2 192 177 0 8.8 40
- - 9.8 - 168 164 0 6.2 -
- - 11 - 187 189 1] 7.2 -
- - n - 199 174 0 8.1 -
25 25 9 0.6 166 163 0 6 -
Well 11N/10W-28M1 {Depth 5.8 metres; 19 feet)
37 17 1z 0.7 189 235 0 12 9
a7 20 11 1.0 199 246 0 8.4 12
43 17 9.4 1.0 178 222 0 4.6 9.4
14 18 9.8 1.0 183 222 2 7.5 12
28 18 B.5 0.9 144 180 0 4.2 1.0
32 16 9.2 1.3 148 181 1] 4.9 17
45 21 9.6 - 198 233 0 7.6 -
- - 10 - 222 267 g 4.8 -
- - 12 - 234 270 0 9.1 -
a4 18 1 1.0 184 204 0 9 23
Well 11N/10M-33A1 (Depth 6.1 metres; 20 feet)
23 14 12 1.0 115 147 0 13 5
24 12 11 1.4 111 144 D 7.5 9.0
22 12 5.2 1.2 103 134 1] 4.6 5.1
kil 21 24 1.5 165 206 5 18 3.0
Well 1IN/10W-33G1 (Depth 5.3 metres; 18 feet}
13 8 18 1.0 65 63 0 30 7
9.2 6.3 16 0.6 49 40 0 24 4.0
10 4.3 15 0.9 59 55 0 21 4.9
9.6 6.3 15 1.6 50 47 o] 18 3.0
11 6.0 14 0.7 52 55 0 17 1.0
11 7.4 16 - 58 54 0 17 -
14 8.2 16 - 69 50 0 20 -
12 8.3 16 - 64 63 0 18 -
12 6.3 17 - 56 6l 0 18 -
11 7.4 14 - 58 62 0 19 -
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Dissolved Chloride

Chloride is the ionized form of the
element chlorine, and is present in
nearly all natural waters. 1t may come
from natural mineral origin, from sea
water intrusion, from leaching of agri-
cultvural salts, animal sewage, or indus-
trial wastes. Chlorides in drinking
water are not harmful until very high
concentrations are reached. Restric-—
tlons are based on taste preferences.
The recommended maximum concentration of
chloride ion in drinking water of

250 mg/L (see Table 6).

Deciduous tree crops are sensitive to
chlorides in irrigation water when
applied by sprinklers, with increasing
leaf damage occurring in the concentra-
tion range 142 to 355 mg/L. These prob-
lems become severe when concentrations
are greater than 355 mg/L (Ayers and
Branson, 19753).

Water in the wells studied contained low
levels of chloride, The highest
chloride coucentration was 50 mg/L, and
water from 15 wells (83 percent) had
chloride concentrations less than

20 mg/L.

Total Dissolved Solids

Total dissolved solids (TDS) is a mea-
sure of the various minerals dissolved
in water. Drinking water with a high
TPS is likely to have an unpleasant
appearance, taste, or odor. An upper
level of 1,000 mg/L TDS has been estab—
lished in the secondary drinking water
standards (see Table 6). The maximum
concentration of TDS in the wells
studled was 444 mg/L; the minimum was
130 mg/L.

Electrical Conductivity

Electrical conductivity (EC) 1s a
measure of the ability of water to
conduct electricity. This parameter was
formerly called specific conductance.
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Table &
MINERALJZATION, SECONDARY DRINKING WATER STANDARDS

Maximum Level

Recom- Short
Constituent and Units mended Upper Term
Total Pissolved Solids 500 1,000 1,500
{mg/L)
or
Specific Conductance 900 1,600 2,200
{microsiemens)
Choride {ma/L) 250 500 600
Sulfate {mg/L) 250 500 600

Source: Title 22, Calitornia Adminisirative Code,
Chapter 15, Article 8, Section 654473,

As the amount of dissolved minerals
increases in water, so does
conductivity. Therefore, this test is
used as an indirect measurement of total
dissolved solids. The conductivity of
distilled water is nearly zero. The
secondary drinking water standard upper
limit for EC is 1 600 microsiemens per
centimetre (uS/cm) (see Table 6). For
the wells studied, the maximum EC found
was 672 uS/cm and the minimum was

178 uS/cm.

Dissolved Nitrates

Nitrates are introduced into ground
water by leaching and percolation of
aerobically stabilized organic nitrogen,
applied fertilizers, sewage from leach-
fields, and the fecal materials of
livestock and poultry. Waters used for
domestic purposes are considered unsafe
for infants when the nitrate concentra-
tion exceeds 45 mg/L, which can cause

me themoglobinemia, or oxygen deficiency,
in infants.

None of the wells studied in Alexander
Valley or the Healdsburg area produced
water with nitrate levels exceeding

45 mg/L. The highest nitrate concentra-—
tion was 37 mg/L, and 15 wells (83 per-—
cent) had concentrations lower than

20 mg/L.




Dissolved Boron

Boron in drinking wat
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Dissolved Hardness

Hardness, a measurement of the soap—
neutralizing capability of water, is
caused primarily by the presence of
calcium and magnesium ions. The detri-
mental effects of hardness are excessive
soap consumption and formation of scums
in laundering; toughening of vegetables
cooked in hard water; and formation of
scale in hot water heaters, boilers, and
pipes, Hard water also contributes to
increased detergent consumption, but
without the formation of scums. Scale
is formed by precipitation of calcium
and magnesium bicarbonates, resulting in
the formation of insoluble carbonates on
the heated interiors of pipes and water
heaters. Drinking hard water appears to
have no harmful effects.

Hardness values are expressed as
milligrams per litre (mg/L) of calcium
carbonate. These values indicate the
amount of dissolved calcium carbonate
necessary to give a degree of hardness
equivalent to the water being tested.
The maximum concentration of hardness in
wells in the study area was 346 nmg/L;
the minimum concentration was 12 mg/L.

Most ground water in the study area may
be classified as moderately hard to
hard, according to the following Depart-
ment of Water Resources classification
system:

Hardness as Relative
mg/L, CaCOjy Classification
0 - 100 Soft
101 - 200 Moderately Hard
>200 Hard

pH

pH is a measure of the hydrogen ion
concentration of a solution. It is
important because the pH of water
affects its taste, water treatment
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processes, chlorination efficiency, and
corrosiveness. A pH value of 7 is
neutral, values less than 7 are acid,
and values greater than 7 are alkaline.
The pH values for the wells sampled
ranged from a maximum of 8.8 to a
pinimum of 6.7. Water with pH values in
that range should be satisfactory for
most uses.

A

Surface Water Quality

There are two major streams in the study
areas. The Russian River runs through-
out Alexander Valley and through the
lower portion of the Healdsburg area.
Dry Creek runs through the upper portion
of the Healdsburg area.

Many of the wells studied were drilled
in the alluvial deposits near one of
these streams. These alluvial deposits,
and possibly some of the other geologic
formations, receive recharge water from
the two streams. It is likely that the
water quality of the streams has a
significant effect on the ground water
quality of the two study areas.

The Department of Water Resources
started sampling the Russian River near
Healdsburg in April 1951. Mean values
(not weighted for flow) were calculated
by the U. S. Geological Survey for the
114 samples collected from April 1951
through September 1962. Their calcu-
lated means are shown below:

Sodium 9.14 mg/L
Bicarbonate 134 mg/L
Chloride 5.82 mg/L
Boron 0.73 mg/L
EC 244 uS/cm
Hardness (as CaCOg3) 110 mg/L

A flow-weighted mean EC for the same
station, calculated for January 1961
through November 1966, was 147 uS/cm.

The U. S. Geological Survey began
sampling Dry Creek below Pena Creek in
October 1970. Mean values (not weighted
for flow) were calculated for some of
the data generated at this station for
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October 1970 through June 1975. These
means are tabulated below:

Sodium 10 mg/L
Bicarbonate 121 mg/L
Chloride 4.8 mg/L
Boron 0.26 mg/L

EC 224 uS/cm
Hardness {as CaC03) 110 mg/L

Well Owners' Perceptions

To determine well owners' opinions of
their ground water quality, Sonoma
County Water Agency mailed question-—
naires in 1977 to all property owners in
Sonoma County who were not served by a
municipal or mutual water system. The
questionnaire requested information on
taste, odor, and color of ground water.
The responses were grouped according to
assessor's parcel books (Figure 12).
Within each parcel book area responses
were separated according to well depth:
® Shallow wells, 0-46 metres
(0~150 feet) deep

Intermediate wells, 46-107 metres
(151-350 feet) deep

Deep wells, greater than 107 metres
(350 feet) deep

Within each depth range, the number of
wells with each of the following prob-
lems was tabulated: taste, odor, color,
other problems, and none (no problem).

Since a single well could have more than
one problem, two other tabulations were
added: (1) taste, odor, or color; and
(2) taste, color, or other. Responses
to the questionnaire are tabulated on
Table 7.

The most common complaints were color
and taste. Color in water can be caused
by excessive iron and manganese.
Unpleasant taste can be caused by exces-
sive hardness, salinity, sodium, iron
and manganese, or sulfides. Unpleasant
odor can be caused by excessive iron and
manganese or hydrogen sulfide.
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Table 7
WATER WELL QUESTIONNAIRE RESPONSES

ASSESSORS PARCEL BOOX NO,. 5S7 B e e e NUMBER OF RESPONSES WITH IMDICATED QUALITY PROGPLEM  —wmwcmm oo
QuUAL ITY PROBLEM SHALLOW WELLS INTERMEDRIATE WELLS DEEP WELLS KWELLS WITH SUMMARY
0-150 FT 151=-35G6 F71 > 350 FT DEFPTH UNKNDWN ALiL WELLS
TASTE 15 1 2 T 23
CDOR 16 k4 1] 11 29
COLIR 14 1 0 7 22
OTHER 15 i ° 4 [44
NONE 25 11 Q 13 49
FTASTEy COOR OR COLBR 24 5 a 16 P
TASTE, ODDRy {OLDR OR OTHER 32 & o 18 s2
NUMBER OF WELLS TN SURVEY 57 15 [y 29 161
X WELLS WITH ¥,LeC QUALITY PRODBLEP 42.1% 25 TX L T4 % 55.27 43.6%
X WELLS WITH TsCsCeX QUALITY PROSLEM  Sé.lX 26.7X N/A 56.2% . 51.5%
ASSESSDRS PARCEL BOOK ND. 59 e e em— NUMBER OF RESPONSES WITH INDICATED QUALITY PROBLEM -—————mmmmrmm
OUALTTY PROBLEM SHALLOW WELLS INTERMEDIATE WJELLS DEEP WELLS WELLS wifhH SUMMARY
. a-150 FY 151350 F7T > 350 FT DEPTH UKKNDWN ALL WELLS
TASTE 17 F4 b J 9 28
0OD2R N 11 2 n T 20
COLOR i1s F4 [} 13 3l
NYHER 10 3 ) 3 16
NONE 44 13 1 16 T4
TASTE, €DOR QR CCLOR 23 3 1] 13 39
TASTEs ODORy COLOR DR OTHER a1 5 ko) 15 51
NUMBER OF WELLS IN SURVEY 15 18 1 3 125
T WELLS WITH T40el CUALITY PROBLEM 30.7% LTS 0% 41.9% 31.2%
T WELLS WITH T40.E5X QUALITY PROBLEM A1.3% 27.8% «0% LT AD.B%
ASSESSORS PARCEL BOOK NQe 65 2~ ————s-eeemcc—em—eeme NUMBER OF RESPONSES WITH ENDICATED QUALIYY PROPLEM ———— e ——————-
QUALITY PRGALEM SHALLOW WELLS INTERMEDIATE WELLS DEEP WELLS WELLS WITH SUMMARY
0-150 FF ES1-350 FT > 350 FT DEGTH HINKNOWN ALL WELLS
TASYE 2} i2 3 % “«0
ODOR 1= 9 2 3 29
coLoe 29 11 2 [ 39
DTHER 14 2 1 1 e
NONE 34 14 3 Fadl 71
TASTEy GDOR OR COLOR 33 ig L3 T 63
TASTE, GDORy COLDR OR DOTHER 39 19 5 B8 T
NUMBER OF WELLS TN SUKVEY 73 33 o ’B 1&£2
2 WELLS WITH 1,0+ QUALITY PROBLEM 45.2% S4.5% 62.5% 25.0Y [P
X WELLS WiTH T.OsleX QUALITY PROBLEM 53 44X 5T 6% 62.5% 28.6% S0.0%
ASSESSORS PARCEL BDOK NO. && 2  ——————————— ————————— NUMBEFR DF RESPONSES WITH INDICATED QUALITY PROBLEM ~—mo—mmm e —_——
QUALTTY PROBLEM SHALLDW WERLLS INTERMEDI ATE WELLS DEFP wWELi s WELLS wiTH SUMMARY
0-150 FT 151-35C FY > 350 FT CEPTH UNKNDRY ALL WELLS
TASTE 21 F4 2 9 34
oaoR 15 2 5] 7 24
COLOR 24 2 o & 10
DTHER 1% 4 1] a 2T
NONE 82 T 1 20 111G
TASYEs ODGCGR OR COLOR 32 3 4 10 47
TaSTE, ODOR, COLOR OR OTHER 42 & 2 15 85
NUYIER OF WELLS IN SURVEY AZ4 3] 3 35 175
T WELLS WITH T+0.0 QUALITY PROBLEY 25.08% 23.12 68.TY 28.56% 2ae9Y
T WELLS WITH T.CeL+X QUALITY PROBLEM 33.9% &6.2% 66.TY 52+97 37.1%
ASSESSORS PARCEL BNOK NO. T8 ———————————— e~ NUMBER CF RESPONSES WITH INDICATED QUALITY PROBLFM —-remee e ctmmeem
QUALITY PROBLEH SHALLOW WELLS INTERMEDIATE WELLS DEFP WELLS WELLS WITH SUMMARY
D-150 FT 151-3%0 FY > 350 FY OEPTH UNKKOWN AL WELLS
TASTE “ 8 ] H 14
0DOR 2 & o Fd 1z
CoLOR [ 16 1 s 28
OTHER = o 3 1 1 3 B
NONE ’ [3 18 o & 28
TASTE, ODOR DR COLOR 9 17 1 5 32
TASYEs CDOR, COLOR OR OTHER 12 18 1 T 38
NUMBER DF WELLS IN SURVEY 18 38 1 11 S
X WELLS «#ITH Te0«C QUALITY PROBLEM 50.0% 47.2% 160.0% 45.5% 48a5%
T WELLS WITH T+OyleX CUALITY PRGELEM 651X 50.0% 100.7% B3 6T 5TebY
ASSESSORS PAQUEL BPOK NO. B1 - ——————————  NUMBEAR GF RESPONSES MITH INDICATED QUALITY PRORLEM -
CUALIYY PROSLEY SHALLDW WELLS INVERMEDIATE WELLS DEFP WELLS WELLS WITH SUMMARY
0-150 FT IS1-3%0 F7 > 350 FY DEPTH UNKNOWN ALL WELLS
TASTE o 2} o 1 1
0ODOR o 0 o 1 1
coLor o 0 ja] 1 1
OTHER 0 o o] o] o
NONE o c o o o
TASTE, ODOR GR COLDR 0 o o) 2 2
TASTE, ODOR, COLDR QR OTHER [} [} o) F4 2
NUMBER OF WELLS IN SURVEY 0 o 4 2 2
T WELLS WETH T40.0 QUALITY PROPALEM N/A N/ A N/A 100.0% 100.0%
X WELLS WITH T,0+L+X QUALITY FROSLEM LTS X/A N/A 180.0% 100.9%
MASSESSDRS PARCEL BOOK KO. B2 D b e P HUMBER OF RESPONSES WITH INDICATED QUALITY PPDRLEM —ceo-cmcemmmmcmceeee
QUALTTY PROBLEM SHALLOW WELLS INTERMEDIATE WELLS DEEP WELLS WELLS WITH SUMMARY
0-150 T 151-350 £7Y > 350 FT DEPTH UNKNTIWN ALL wELLS
TASTE 19 3 a s 15
OBOR 3 E} o o 9
coLar A 2 n 1 11
OTHER 3 9 o] o s
NONE & 1 1 “ 17
TASTE, JDOR PR COLOR 13 4 L4 3 20
TASTE, GDOR, COLOR UR OTMER 15 4 o 3 22z
NUMBER DF WELLS IN SURVEY 21 5 1 T EL]
¥ MWELLS WITH T40,C QUALITY PROBLEM 61.9% 8G.0% 0% 42.9% 58.5%
X WELLS WITH Te0sCoX% QUALITY PROBLEM Tla4k 80.0% - % L42+9% bheTX
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Table 7 (Continued)

ASSESSORS PARCEL BOOK ND-. 88

NUMPBER OF RESPONSES WITH INDICATED QUALITY PROBLEM &

QUALITY PRDBLEM SHALLDW WELLS INTERMEDIATE WELLS DEEP WELLS WELLS WITH SUMMARY
0-150 F1 151-350 FT > 350 FT BEPTH UNKNTHIN ALL WELLS
TASTE ] 2 o 2 4
3131473 o 1 o 1 2
CLOLOR 0 H o 4] 2
DTHER o 2 5} 1 3
NONE 14 3 n H 21
TASTEs GDOR OR COLOR o k] 0 2 5
TASTE, ODDRe COLOR CR OTHER 0 5 0 3 8
NUMBER OF WELLS IN SURVEY 1+ 8 o] 5 29
% WELLS WITH T,04+C QUALITY PROBLEM +02 37.5% NA 40.07 17.2%
X WELLS WITH T¢OsCsX QUALLITY PROSLENM »0x 62.5% RSA B0 .0% 27.0%
ASSESSDRS PARCEL BOOK KD. 87 NUMBEK DF RESPONSES WITH INDTCATED QUALITY PROBLEM
CUALITY PROBLEM SHALLOW WELLS INTERMEDIATE WELLS DEFP WELLS WELLS WITH SUVMARY
0-150 FT 151-350 FY > 350 FT DEPTH UNKNDWN ALE WELLS
TASTE 1] 0 L] 3} c
ODOR o 0 n [+] o
COLOR 0 o ] 4] o
DTHER [} 1] 0 0 1]
NOME 1 o o 1 2
TASTE, ODDR OR COLOR s} 4] ] [ [\}
TASTEs GDORe COLDR OR OVMER o 1] o " ¢
MNUMBER DF WELLS IN SURVEY 1 0 o 1 FH
X WELLS WITH T+0e0 QUALITY PRGRBLEM -D% NiA N/A =0T -Tx
% WELLS WITH ToGeCeX QUALITY FPROBLEM «0% LT NSA -0% +0X

ASSESSDRS PARCEL BOOK NO. BB
QUALTTY FPROBLENM

TASTE

OpoOR

coLos

OTHER

NONE

TASTE, ODOR OR COLOK

TASTEs CDOR, COLOR OR DTMER
NUMBER OF WELLS TN SURVEY

¥ WELLS WITH Tu4lUeC QUALITY PP

T WELLS WITH T+0sCoX QUALITY P

ASSESSORS PARCEL BOGK N0« B9
QUAL ETY PROBLEM

TASTE

OCOR

CoLOk

DTHER

NONE

TASTEy ODOR OR COLOR

TASTE. G0OPy COLOR OR DTHER
HUMBER OF WELLS TN SURVEY

%X WELLS WITH T+0sL QUALTTY FRD|
¥ WELLS WITH T+DyLleR QUALETY P

NUMEER QOF RESPNNSES WITH INDICATED QUALITY PROBLEM

SHALLOW WELLS INTERMEDIATE MWELLS DEEP WELLS WELLS WITH SUMMARY
0-150 FT 151-35C FT > 350 FY DEPTH UNKKOWS: ALL WFLLS
0 (] fu) 1 1
n [ [} H 1
0 1 2 1 2
o 1 o ] 1
20 1 o 9 ap
O 1 (4] 2 3
3} 2 0 2 L]
20 3 0 11 34
BLEM -0% 33.3% N/A 18.21 Ba.BT
ROBLEM - 0% b6.TX NAA TB.2X 11.8%
- NUMBER DF RESPONSES WITH INDICATED QUALITY PRODRLEM —-—--— e e ——
SHALLOW WELLS INTERMEDIATE WELLS DEEP WELLS WELLS WITH SUMMARY
0-1%¢ FT 151-350 F7Y > 359 FY NEPTH UNKNOWN ALL WELLS
5 ki ] 4] 1
b4 C o 2
5 V] 0 2
5 1 o 3
36 11 n 11
1 o D 3
z1 1 o 8
57 12 o 19
BLEM 29.8% -0Y N/A 15.8%
ROBLE® 36.8X beldX N/A 42.1%

ASSESSORS PARCEL BODK NC. 90
DUALTTY PROGBLEM

TASTE

000K

CoLOR

OTHER

NDNE

TASTE, ODOR OR CALBR .
TASTEs UDDRs COLOR OR CTHER ™
NUMZER OF WELLS IN SURVEY

T WELLS WITH T40+C QUALITY PRQ
T WELLS WITH TaDsCeX QUALITY P

SHALLDW WELLS
o=-150 FT

[l A

az
n
2
Qd
25.0%
27.3%

OLEM
ROBLEM

NUMBER OF RESPONSES WITH IYNDICATED UUALITY PPGRLFM

THTFRMEDIATE WELLS DEEP NWELLS WELLS WITH SUMMARY
151-350 FT > 350 FT DEPTH UNKNOWN ALL WELLS
1 o o] 5
o Q [4] 3
1 o 1 Ly
o o [s] 1
1 1 5 EL
2 o 1 14
2 4] 1 15
3 1 [ B4
H6Le TY -0% 16.72 25.97®
6672 -0 16=7% 27.8%

ASSESSDRS PARCEL BOOK NO. 110

NUMEER [F RESPONSES WITH INDICATED QUALITY PROBLEM

OUALITY PRDBLENM SHALLOW WELLS INTERMEDIATE WELLS DEEP WELLS WELLS WITH SUMMARY
0-150 F¥ 151-353 F7 > 350 FT DEPTH UNKNDWY ALL WELLS
TASTE a i ] 3 1 ¥4
oDoR 8 o c 3 1}
COLOR it 1 o z T4
GTYHER 6 [ a 1 7
NOKE. L 1 o~ T 52
TASTE, OPGR DR CDLOR 14 1 o 4 19
TASTE+ ODOR, COLOR DR OTHER 18 1 [ 4 23
NUMBER DF WELLS IN SURVEY . 67 2 n 31 75
T WELLS WITH TsGsC GUALETY PROBLEM 22-6% 50.0% NS& ELTTLS 25.3%
T WELLS WETH T+DeCeX QUALITY PHRDBLEM 29.0% 50.0% N/& TS 3 30.7%
ASSESSORS PARCEL BOOX ND. 118 e ——e— NUMBER OF RESPONSES WITH INDICATED QUALITY PROPLEM ———cmcmemmmmmmm e o
QUALITY PROBLFR SHALLOW WELLS INTERMEDIATE WELLS DEFFP MELLS WELLS wITH SUMMARY
0-150 FY 151-350 F7 > 350 FY DEPTY UNKNDWN AbLL HELLS
TASTE 2 o ] L] 3
0o0R z [+] 1 [+ a
coLoR % o 1 0 5
OFHER ¥ o n L) 1
NONE k4 ¢ 1 1 3
TASTE, DDOR Ok COLOR % G 1 o 5
TASTE, ODGRy COLOk DR OTHER & o 1 [5} 5
NUMBER OF WELLS IN SURWEY [ o 1 1 8
¥ WELLS WITh TeOsC QUALITY PROZLEM bhe TR H/A 100.92% «0% 62.5%
2 WELLS W1TH TeDsCsX QUALITY RROBLEM bY.T1 NSA 100.0% -0% 62.5%
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Table 7 (Continued)

ASSESSORS PARCEL BOCK Y0« 126 _— mmmmma———we NUMBER OF RESPONSES WITH INCICATED QUALITY PRORLEM ~-e—om—e—————— e -
CUALITY PRABLEM SHALLGW WELLS INTERMEDIATE WELLS DEEP WFLLS »ELLS wnlTH SUMMARY
n-150 FT 151-350 FT > 350 FT DEETH TINCNOWN ALt WELLS
TASTE [ ¥4 T 2 3 24
rOCR 11 T 2 L] 2k
COLOR 14 10 o 5 29
ATYHER L] 8 4] 2 15
HONE 17 13 2 5 37
TASTE, ODQR AR COLOR 18 13 2 5 18
TASTE, ODQRs CNLER CR JTHER 29 17 k4 7 45
NUMBER OF WELLS TN SURVEY 37 30 4 12 a3
% WELLS WETH T,0sC JUALITY PROSLEN 48.8% 43.3% 50,0% elaTY 45.8%
% WEELS WITH TsdsCsX JUALITY PRCBLEM 54.1% S6aTX 50.0% 5837 55.4%
ASSESSORS PARLCEL BOOM NO. 131 - NUMBER OF RESPINSES WITH INDICATED QUALITY PROPLEM ——--—--——— e
QUALLITY PROILEMN SHALLOW WELLS INTERMEDIATE wWELLS DEEP wFLLS WELLS WITH SUMMARY
a-150 FTY 155i-350 FT > 350 FY DEPTH NKHD=N ALL WELLS
TASTE 3 z 1 4] L)
alolyiis 4 2 n 1} 5
CGLCR 3 1 9 1 5
DTHER LY L] 1 i} 3 10
NONE 36 8 5 11 53
TASTE, ODCR OR CNLOR & 2 4 1 19
TASTE, OQDORe CCLIR OR OTFHER 12 3 1 & 20
MUMBER OF WELLS IN SURVEY 8 | §3 L] 15 a0
% WELLS WITH T40.C QUALITY FRGILEM 12.5% 18.2% 16.7% 5eT% 125"
T WELLS WITH To0,0sX wUALETY PROBLEM  25.0% 27.3% 18.7% 26.7% 25.0%
ASSESSORS PARCEL 30O MNO. 132 s mmmm—————————— NUMBFR OF RESPONSES WITH INDICATED QUALITY PRPOBLEN
QUALITY PROSBLEM SHALLOW WELLS INTERMEDIATE WELLS NEEP wELLS WFLLS 41TH SUMMARY
A=15% FT 151-35C¢ F7 > 350 FY DEPTH UNYNOWN ALL wELLS
TAsTE 12 T b 5 24
QDGR 9 5 s ] 5 19
CaoLaR 15 3 1 3 27
UTHER % 3 1 & 15
NUNE 11 F3 z 5 20
TASTE, ODGR 2R (JLOR 17 | B 1 5 34
TasTE, QDOR, LOLTR QR QTHER 20 11 2 5 3a
NUMAER OF WELLS EN SURVEY 31 13 4 19 58
% WocitlS WITH Ty0+C GUALLITY PRURBLEM ShedX BhebX 25.0% 50.0% 58.5%
T WELLS WITH T40,CeX QUALETY PROBLEM 6% 5% B4, 6% S8.0% 50.0% 55.5%
A5SE4SORT PARLEL EO0K M0O. 1399 —-—-——-— e mm——— = NUMBER OF PESPONSES WITH IYDICATED CQUALLITY PRORLEM -———-=—wusromme——————
QUALTITY PROALEM SHALLOW WELLS INTERMEDLIATE WELLS DEEP WELLS WELLS WITH SUMMARY
a-ts5c FT 151-35C F7 > 3SG FY DEPTH UNMNOWN ALL WELLS
TaSTE 5 1 o a 5
CDOR & [+ a o L]
CCLOR k] 4] 0 [0} 3
ATHER 1 () a a 1
NCNE T o a 5 12
TASTE, OCOR OR COLCA 4% 1 a o 5
TASTEs ODORy COLDR QR OTHER & 1 b a 5
NUMIER OF WELLS IN SURVEY Il i o 3 17
% WELLS WITH Teel JUALITY PROBLEM 15.4% 100.0% N/A -0X 29a4X
X WELLS WETH T,0sCeX QUALTITY PROALEM ELYT S 100.0% NAA -J¥ 27 +5%
ASSESSORS PARCEL BOOK ND. 140 mm—memme———e——————w—  NUMBER 0F RESPONSES WITH INDICATED QUALITY PROBLEM
QUALITY PRGBLFM SHALLOW WELLS INTERMEDIATE WELLS DEEP WELLS wELLS wWITH SUMMARY
0-1%0 FT 151~-30 FT > 350 FT DEPTH UNKhOWYN ALEL WELLS
TASTE 5 1 b o &
oonR & 1 0 o 7
COLOR 4 1 3 1 6
CTHER 1 [+] [¢] (] 1
NONE 2 Q LU ? 33
TASYEs ODOR OR LOLOR - . 8 1 o 1 10
TASTEs ODURy CDLOR DR OTHER 9 1 o |} 11
NUMBER OF WELLS IN SURYEY 33 1 n 10 by
T WELLS WIFTH T«d:C QUALITY PROBLEM 2ha2X 100.0% N/A 10.0% 2Z.7%
X WELLS WITH T,CsC+X QUALITY PRUBLEM 2T.3% 100.0% N/A 10-0% 25.0%
ASSESSORS PARCEL dDDK N 141 - NUMBER OF RESPONSES WITH INDICATED QUALITY PRGPLFM -w----m-——mmmm—eme
CUMITY PROSBLEM SHALLOW WELLS INTERMEDIATE WELLS DEEP WELLS WELLS WITH SUMMARY
0-150 FT 151-35%G FT >3S0 FT NEPTH UNFH0KN ALL WELLS
TASTE 1 s 4] 1 F4
oCoRr 1 Q a 1 2
COLOR 2 o 1 o 3
NTHER 1 a V] [} i
NONE » 3 )] 3 10
TasTEy ODOR NR COLOR 2 a 1 1 %
TASTE, 0ODOR, COLOR OR DOTHER 3 ] 1 1 5
NUMBER OF WELLS IN SURVEY T 3 T & 15
% WELLS WITH Tsde( QUALITY PRUDLEM 2%.8X =0% 100.0% 25.0% 267X
T WELLS WEFH T4DsC X QUALITY PROBLEM 52.9% -0% 100.0% 25.0% 33.3%
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1 to the monitoring
details of that

GROUND WATER DATA

well must be evaluated to ensure the new

"well is measuring the same aquifer.

Construction data necessary are total
depth of the well, length of casing,
perforated interval, and length of
gravel pack, if any.

The existing monitoring network appears
to be adequate for the present pumping
patterns, pumping rates, and recharge
rates. The well hydrographs in

Figure 8 show only a 3-metre 10-foot
fluctuation in ground water levels,
which recover each year to about the
same level. No long term decline is
apparent.

After several years of measurement, data
from the network can be analyzed to
better define basin hydrology, including
the role of faults in ground water
movement and the extent of aquifer
connection. After such amalysis, the
monitoring network can be reevaluated.
Those wells no longer necessary can be
dropped, and the remaining wells can be
monitored on a permanent basis.

However, if the fluctuation of ground
water levels increases significantly, or
if water levels begin to decline and do
not recover over the long term, addi-
tional monitoring wells might be needed
in the network.

Similarly, ground water levels amd water
chemistry should be reevaluated sometime
after Warm Springs Dam becomes opera-
tional so that any possible effects of
the dam on ground water quantity or
quality can be ascertained.

Natural Recharge

Recharge is the movement of water from
land surfaces and streambeds into under—
lying aquifers. It occurs in response
to withdrawal of ground water from those
aquifers, availability of surface water,
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and precipitation. Several physical
factors control the potential for
recharge in an area: the slope of the
land surface, the permeability of the
soils, the subsurface geology, and the
amount of storage space available in the
aquifer.

According to Muir and Johnson (1979),
the slope of the land surface should be
less than 15 percent and the percolating
rate of the soil profile should exceed
1.5 centimetre (0.6 inch) per hour for
recharge to take place. 1If the slope is
greater than 15 percent, rapid runoff
greatly reduces the recharge potential.
For an appreciable amount of water to
penetrate the soil, the infiltration
rate must be relatively rapid.

The soils in most of Alexander Valley
and the Healdsburg area have a permea-
bility greater than 1.5 centimetre
{0.6 inch) per hour and the slopes are
well below 15 percent (Miller 1972).
Therefore, most of the study area is
suitable for recharge.

Subsurface geology is the second import-
ant factor in evaluating a recharge area
and is the most difficult to determine.
Good aquifer connection between the area
of recharge and the area of use is
necessary so that the ground water can
travel from the recharge site to the
area where it is extracted.

The ground water level measurement
network now being monitored by the
Department of Water Resources and U. S.
Geological Survey may provide informa-—
tion on the hydraulic continuity of the
aguifers. At selected locations in the
study area, 24-hour, constant-rate pump
tests are recommended to determine
hydraulic characteristics of the basin
sediments, as well as to establish the
presence of any ground water barriers,
such as faults.

The study area appears to accept
natural recharge up to the limit of
usable storage capacity. Hydrographs
indicate that current recharge is
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equivalent to the amount of water that
is discharged each year.

No need for artificial recharge is
apparent or foreseeable at this time
unless the flow of Russian River and its
tributaries is sharply curtailed or
diverted for other uses, or if there is
a significant change in the locaticn and
amounts of ground water extraction.

Ground Water Recharge Rate

Sustained yield is the amount of water
that can be extracted anmually from a
ground water basin without adverse
effects., The sustained yield of a basin
is generally equal to the long term
annual recharge. Most of the seasonal
recharge in Alexander Valley is a result
of rainfall and of recharge from the
Russian River. For the Healdsburg area,

‘recharge is mainly from the Russian

River, Dry Creek, and precipitation.
Recharge is greatest on permeable soils
and river channel deposits, which allow
faster infiltration. In both Alexander
Valley and the Healdsburg area, Russian
River gains water from the surrounding
sediments for most of the year, or until
local ground water levels are suffici-
ently drawn down. When ground water
levels are depressed, usually during
fall, flow in Russian River recharges
the ground water reservoir.

A program to determine the annual re-—
charge rate would include measurements
of rainfall, streamflow and soil permea—
bility, and estimates of evapotranspira-
tion. These filgures would also provide
information on when water percolates
from the river into the ground water
aquifer and when the aquifer supplies
water to the river, as well as the
amounts of such flow.

The estimates of soil permeability made
by the Soil Conservation Service for the
soil survey of Sonoma County (Miller,
1972) should be refined by examining wet
weather percolation tests and conducting
permeameter tests om each major soil

type.

s
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Water well drillers' reports submitted and lithologic and electric logs from

for wells built in the area should be these deeper wells should be evaluated
reviewed annually. Deeper wells should to increase understanding of the

be added to the monitpring network. hydraulic characteristics of the ground
Water ylelds, pump test information, water reserveoir.
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CONVERSION FACTORS

To Convert 1o Metric

Quantity To Convert from Metnic Unit To Customary Unit MUI‘J:‘I‘; l;!elric Unit Multiply
’ "By Customary Unit By
Length miltimetres {mm) inches (in} 0.03937 254
: centimetres {cm) for snow depth inches {in) 0.3937 254
metres (m} feet {f1) 3.2808 0.3048
kitometres {km) mites (mi) 062139 1.6093
Area square millimetres (mm?) square inches (in?} 0.00155 645.16
) square metres {m? square feet (ft?) 10.764 0092903
hectares {ha) acres lac) 24710 0.40469
square kilometres (km?) square mites (mi?) 0.3861 2690
Volume litres (L) gallons (gal) 0.26417 3.7854
megalitres million gallons (10° gah) 026417 37854
cubic metres {m?) cubic feet (f1°) 35315 0.028317
cubic metres {m?) cubic yards (yd?} 1.308 0.76455
cubic dekametres {dam?) acre-teet {ac-ft) 0.8107 1.2335
Flow cubic metres per second {(m?/s} cubic feet per second 35315 0028317
(f13/s}
litres per minute {L/min) gallons per minute 0.26417 3.7854
{gat/rmn}
litres per day {L/day) gallons per day {gal/day} 0.262417 3.7854
megalitres per day (ML/day) million gallons 0.26417 3.7854
per day (mgd)
cubic dekametres per day acre-feet per day lac- 0.8107 1.2335
(darm?®/day} ft/day}
Mass kilograms (kg_) pounds (Ib) 2.2046 0.45359
megagrams [Mg} tons {short, 2,000 Ib) 1.1023 0.90718
Velogity metres per second {m/s) feet per second (ft/s) 3.2808 0.3048
Power kilowatts (kW) horsepower {hp} 1.3405 0.746
Pressure Jic'i'lorpf;scals {kPa) pounds per square inch 0.14505 6.8948
(psi}
kilopascals (kPa} feet head of water .33456 2.989
Specific Capacity  litres per minute per metre gallons per minute per 0.08052 12.419
drawdown foot drawdown
Concentration milligrams per litre [mg/L} parts per mitlion {ppm} 10 10
Electricat Con- microsiemens per centimetre micromhos per cenuimetre 1.0 10
ductivity {uS/cm)
Temperature degrees Celsius {°C) degrees Fahrenheit (°F) (18X °C)+32 (°F—32)/18
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Acre-foot.

The qu

GLOSSARY

antity of water needed to cover one acre to a depth of one

foot equals 1.2385 cublc dekametres.

Agglomerate.

Alluvial Fan Depos

A py
to subangular fr

roclastic volcanic rock containing a predominance of rounded
agments greater than 32 mm in diameter.

it. A cone—-shaped deposit of alluvium made by a stream where

it runs out onto

a level plain or meets a slower stream. The fans generally

form where streams issue from mountains upon the lowlands.

Alluvium.

Anion. A négative
Anticline. A fold
rocks.

Aquiclude. A body

water slowly but
does not transmi

Aquifer. A subsury
to supply useful
are characterize
is stored in and

Aquifer Continuity

A geolo
clay deposited b

gic'term describing unconsolidated beds of sand, silt, and
vy flowing water.

1y charged ion, e.g., OH ,
, generally convekx upward, whose core contains the older
of relatively impermeable rock that is capable of absorbing
functions as an upper or lower boundary of an aquifer and
t ground water rapidly enough to supply a well or spring.
face water—bearing unit that transmits water rapidly enough
quantities to springs and wells. Sand and gravel aquifers
d by innumerable spaces around and among the grains. Water

moves through those spaces.

» Hydraulie interconnection between and within aquifers so

that ground wate
move into anothe

Arte—mn A_?t ﬁ'j e
pressure.
Baseflow. Low fl9

precipitation wh
water discharge.

Brackish. Water t
water and normal

Breccia.
Cation. A positiv
Chert, A compact

r stored in one aquifer or portion of an aquifer is able to
r aquifer or into another portion of an aquifer.

ctive referring to ground water confined under hydrostatic

w in streams; occurs typically during long periods between
en streamflow is maintained mostly or entirely by ground

hat is intermediate in salt content between normal fresh
sea water.

A rock made up of highly angular, coarse, broken fragments.

ely charged ion, e.g., Ht,

siliceous rock of sedimentary origin.
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Clay. A term which denotes either (1) particles regardless of mineral
composition, with diameters less than 1/256 mm; or (2) a sediment composed
primarily of these particles.

Coliform Bacteria. A type of bacteria found in soils and in the intestinal
tracts of mammals. A hardy organism used as an indicator of contamination.

Confined., Refers to ground water under sufficient pressure to rise above the
aquifer containing it when the aquifer is penetrated by a well. The
difference between the water level in a well and the top of the aquifer is
the Hydrostatic Head. Confined ground water is also known as Artesian.

Conglomerate. A cemented rock containing rounded fragments corresponding in
size to gravel.

Conjunctive use. Planned management of surface and ground water resources as a
single, interlocking system.

Connate Water. Water entrapped in the openings between particles of a
sedimentary rock at the time the sediments were deposited. The water may be
derived from either ocean water or land water.

Consolidated. Firm and coherent.

Constant—Rate Pump Test. Test pumping of a water well at a constant rate of
discharge while the drop in the ground water level (drawdown) is recorded in
a nearby observation well. The drawdown is plotted versus time since pumping
began to determine Transmissivity, the rate at which ground water will flow
through a unit width of the aquifer.

Contamination. Contamination means an impairment of the quality of the waters
of the State by waste to a degree which creates a hazard to the public health
through poisoning or through the spread of disease. Contamination includes
any equivalent effect resulting from the disposal of waste, whether or not
waters of the State are affected.

Continental Deposits. Sedimentary deposits laid down within a general land
area and deposited in lakes or streams or by the wind; nonmarine deposits.

Cubic foot per second (cfs). A flow rate = 28.32 litres per second — 448,831
gallons per minute. Same as second feet or British cusec.

Piatomite. An earthy deposit composed of nearly pure silica and consisting of
the shells of microscopic plants called dlatoms.

Dip. The angle at which a planar feature is inclined from the horizontal.
Electrical Conductivity. A measure of the ease with which a conduction current
can be caused to flow through a material under the influence of an applied
electric field. Reciprocal of resistivity and measured in mhos per meter.

Evapotranspiration (ET). Loss of water from a land area through transpiration
of plants and evaporation from plant surfaces and from the soill.
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Fault. A fracture, or fracture zone, along which there has been displacement
of the two sides relative to one another parallel to the fracture. This.
displacement may be a few inches or many miles. An Active Fault is one which
has had surface displacement within Holocene time (about the last 11,000
years). The inverse of this, that other faults are inactive, is not
necessarily true. A Potentially Active Fault is one which shows evidence of
displacement during Quaternmary time (last 2 to 3 million years).

re or less planar surface of a fault along which
aken place.

Fault Plane. The m
displacement has

Fault Trace. The surface expression of a fault.
Fault Zone. An are

along the trace of a large fault consisting of mumerous
interlacing small

faults or a zone of gouge or broken rock.

Fold. A bend in ro
influences ground
is a concave upwa
the fold axis.

k strata. An Anticline is a convex upward fold; it
water by inducing flow away from the fold axis. A Syncline
d fold; it influences ground water by inducing flow toward

Formation. A geolo
which have been d
period of geologi

ic term that designates a specific group of beds or strata
posited in sequence one above the other and during the same
time.

Fresh Water. Water
pollution, or oth
or counsumption.

that is not so affected by sea water intrusion, nitrate
r water quality problem, as to be detrimental for human use
ormal streamflow or ground water. '

Gouge. Finely abra
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ed material occurring between the walls of some faults, the
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Gravel. A term whi
composition, with
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units within sand

h denotes either (1) particles regardless of mineral
diameters greater than 2 mm; or (2) a sediment composed
particles. Gravel is frequently found as lens-shaped

deposits.

Greenstone. An .alt

n red basic igneous rock of greenish color due to the
presence of such

inerals as chlorite, hornblende, and epidote.

Ground Water Barrier. A body of material which is impermeable or slightly
permeable which occurs below the land surface in such a position that it
impedes the horizontal movement of ground water and consequently causes a
pronounced difference in the level of the water table on opposite sides of
it.

Ground Water Basin. An area underlain by one or more permeable formations
capable of furnishing a substantial water supply. Usually, there is little
movement of ground water from one basin to another. :

Hydraulic Conductivity. The rate of flow of water in gallons per day through a
cross section of one square foot under a unit hydraulic gradient, at the
prevailing temperature or adjusted for a temperature of 60°F.




szraulics. The aspect of engineering that deals with the flow of water or
other liquids.

Hydrograph. A graph showing the changes in the water level in a well with
respect to time.

Hydrology. The science that relates to the distribution and phenomena of
naturally occurring water.

Igneous. Rock formed from the solidification of molten material, either at
depth or on the ground surface.

. .

fnfiltration. The flow or movement of surface water downward through the soil
to become ground water.

Interbedded. Occurring between beds, or lying in a bed parallel to other beds
of a different material.

Intrusive. Igneous rock which cools and solidifies below the earth's surface.

Ion. An electrically charged particle of matter dissolved in water. For

" “instance, common table salt has no chemical charge. In water, salt
"dissociates”; each molecule of salt (NaCl) forms one ion of sodium
(Natl) with a positive charge, and one ion of chloride (c17!) with a

negative charge.

Kilogram (kg). A unit of weight = 1,000 grams = weight of one litre of pure
water.

ILimestone. A sedimentary rock comsisting chiefly of calcium carbonate.

Litre (1). Metric measure of volume = 1,000 grams = 1,000 ml (millilitres}.
For pure water, one litre weighs one kilogram = 1,000 grams = 0.26 gal.

Marine Deposits. Sedimentary deposits laid down on the floor of the ocean.

Mathematical Model. A computer technique which simulates responses of a ground
water basin to. .changes in recharge and pumping patterns. Used as a tool to
predict future water levels under a variety of basin management plans.

Metamorphic. Rock which has been re-formed in the solid state in response to
pronounced changes of temperature, pressure, and/or chemical environment and
which takes place below the ground surface. A metamorphic rock originally
was of a different form; i.e., it originally was igneous, sedimentary, or a
different type of metamorphic rock.

Methmoglobinemia. A bluish or purplish discoloration (as of skin) due to
deficient oxygenation of the blood which can be caused by excessive nitrates
in drinking water.

Milliequivalent. A contraction of "milliequivalents per million™, which is
based on molecular weights; the units are "milligram equivalents per
kilogram” if derived from data expressed in parts—per-million or "milligram
equivalents per litre” if derived from data expressed in milligrams per
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, and other sources. Natural Recharge is that recharge
Artificial Recharge
which occurs when man deliberately modifies the natural

to increase recharge.

cess of removing oxygen; the opposite of oxidation.
of or containing salts (minerals), the most common of which

dium, or magnesium in combination with chloride, nitrate, or

denotes either (1) pafticles with diameters ranging from 2
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Seoria. Material ejected from a volcanic vent. Such material is usually
vesicular, dark in color, heavy, and has a partly glassy-partly crystalline
texture.

Sedimentary. Sald of rocks formed from sediments. Includes such rock types as
sandstone, conglomerate, shale, etc.

Serpentinite. A rock consisting almost entirely of the mineral serpentine,
which is the alteration product of several types of ultrabasic rocks.

gilt. A term which denotes either (1) particles with diameters ranging from
"~ 1716 to 1/256 mm; or (2) a sediment composed primarily of these particles.

Soil. A natural body consisting of layers or horizons of mineral and/or
organic constituents of variable thicknesses, which differ from the parent
material in their morphological, physical, chemical, and mineralogical
properties and their biological characteristics.

Sorting. The degree of similarity, in respect to some particular
characteristic (frequently size), of the compoment particles in a mass of
material.

Specific Yield, The ratio of the volume of water that a given mass of
saturated rock or soil will yield by gravity to the volume of that mass. This
ratio 1s expressed as a percentage.

Storage Capacity., The volume of space below the land surface that can be used
to store ground water. Total Storage Capacity 1s the total volume of space
that could be used to store ground water. Available Storage Capacity is that
volume of the total storage capacity that does not presently contain ground
water and is therefore available to store recharged water.

Stream Gaging. The process by which the streamflow can be determined by
measurement of the water level in the stream. '

Sustained Yield. The volume of ground water that can be extracted annually
from a ground water basin without causing a long-term drawdown in water
level. R

Syncline. A fold in which the core contains the younger rocks; it is generally
concave upward.

Thermal Water. Hot or warm water.

Total Dissolved Solids (TDS). The quantity of minerals {salts) in solution in
water, usually expressed in milligrams per litre or parts per millionm.

TRANSCAP. A computer program which determines transmissivity and storage
capacity using specific yield data from individual wells. Averaged specific
yield data are converted to transmissivities using equations of a curve
developed by the DWR investigation of the Livermore and Sunol Valleys (Ford
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and Hills, 1974). For specific yleld values from 3 to 9, the curve is.
described by the equation:

AT = ap (10)%;

3.5319 - Ty 28

where x

and for specific yleld values greater tham 9, by the equation:.
5 R

AT = ab [100 (SY) - 500]

where AT = incremental transmissivity
gallons/day/ft};
AD = jncremental depth (ft); and
{(SY) = percent value for average

pecific yield for a given
nterval. '

rate of flow of water through each vertical strip of
dth having a height equal to the saturated thickness of the
a unit hydraulic gradient.

Transmissivity. Th
aquifer of unit
aquifer and under

Tuff. A rock compo

ed of compacted volcanic fragments smaller than 4 mm in
diameter. '

face of erosion that separates younger strata from older
a2 substantial break or gap in the geologic record.

Unconformity. A su
rocks; represents

e upper surface of a zone of saturation except where that
by an impermeable body; (2) locus of points in soil water
ure is equal to atmospheric pressure; (3) the surface where
countered in a well in an unconfined aquifer.

Water Table. (1) T
surface is formed
at which the pres
ground water is e

Well Log. A form f
geologic material
on the well's con

led with DWR by the driller of a water well which lists
encountered during drilling of the well, and information
truction.

Zone of Saturation., | A subsurface zone in which all the interstices are filled
with water under pressure greater than that of the atmosphere.
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American Geological Institute, 1976, "Dictionary of Geclogical Terms™, Revised
Edition,

California Department of Water Resources, 1975, "California's Ground Water”.
Bulletin 118.

Ford, R. S., 1975, "Evaluation of Ground Water Resources: Sonoma County”,
v California Department of Water Resources. Bulletin 118-4, Volume 1:
"Geologic and Hydrologic Data”.

Peters, H. J., 1980, "Ground Water Basins in California”. California
Department of Water Resources. Bulletin 118-80.
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